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(54) Thin film device provided with coating film, liquid crystal panel arid electronic device, and 
method for making the thin film device) 

(57) Any one of an insulating film forming a TFT, m 
silicon film and a conductive film is formed by applying 
a solution and annealing it In a spin coater (1 02), a coat- 
ing solution containing a thin film component which is 
supplied from a solution storage section (105) is spin- 
coated onto a substrate. The substrate after coating the 
coating solution is annealed in an annealing section 
(103) to form a coating film on the substrate. Additional 
laser annealing improves one of film characteristics, I 



e., crystallinity, compactness and adhesiveness, i 
cation of the coating solution or a resist by an Inkjet 
process increases utilization of the solution and permte 
forming a patterned coating film. Since a thin film device 
in accordance with the present invention is inexpensive) 
and has a high throughput, TFT production by e pnxfcjc- 
tion system having high utilization of the coating solution 
drastically reduces initial investment and production 
cost of a liquid crystal display devtos. 
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Description 
[TECHNICAL FIELD) 

[0001] The present invention relates to a thin film de- * 
vice including a thin film laminate structure such as a 
thin film transistor (hereinafter referred to as TFT) and 
a method for making the same, and in particular relates 
to a thin film device capable of low cost production due 
to a decreased initial investment and a method for mak- 10 
ing the same. Also, the present invention relates to a 
liquid crystal panel and an electronic device using the 
thin film device. 

[BACKGROUND ART] 

[0002] In recent years, liquid crystal display devices 
using such types of thin film devices have been used in 
notebook-type personal computers, car navigation sys- 
tems, video cameras and various portable information 20 
devices, and their range of applications and production 
is drastically increasing. Such phenomena are due to 
improved performance including reduced price of the 
liquid crystal display devices, enlarged screen size, im- 
proved image resolution and low electrical power con- 25 
sumption. Further cost reduction is, however, required 
for further expansion of the market and range of appli- 
cation*. 

[00031 The mainstream of the liquid crystal devices is 
actfveTna^nxljqu^ usThg TFTs as switdv 30 

ing elements for pixels. Each liquid crystal device In- 
cludes TFTs, a TFT substrate on which a matrix of pixel 
electrodes connected to the TFTs are formed, a counter 
substrate provided with a common electrode, and a liq- 
uid crystal encapsulated between these two substrates. 35 
Fig. 17 shows the main section of a TFT substrate 60. 
In Fig. 17. TFTs 61 are formed at pixel positions near 
the intersections of a plurality of source or data signal 
lines S1 , S2, Sn arranged in columns with a plurality 

of gate or scanning signal lines G1. 62, . Gm ar- *o 

ranged in rows. Source electrodes of the TFTs 61 are 
connected to their, respective source lines and drain 
electrodes are connected to their respective pixel elec- 
trodes 62. The data signal supplied from a source line 
is applied to a pixel electrode 62 through its correspond- 43 
ing TFT 61 based on the scanning timing signals sup- 
plied through the corresponding gate line. The state of 
the liquid crystal is changed and driven for displaying by 
an electric field between the pixel electrode 62 and the 
common electrode, not shown in the drawing. 60 
[0004] The liquid display device is fabricated by panel 
assembling including encapsulation of the liquid crystal 
between the TFT substrate 60 and the counter electrode, 
and packaging of driving circuits for driving the source 
lines and the gate lines, and the cost of the liquid crystal 55 
display device greatly depends on the cost of the TFT 
substrate 60. The cost of the TFT substrate 60 depends 
on the manufacturing method of the TFTs. A part of driv- 



ing circuits may be formed on the TFT .substrate 60 by 
forming the active elements with the. TFTs, and in this 
case, the cost of the TFT substrate occupies a high pro- 
portion of the cost of the liquid crystal display device. 
[0005J A TFT has a thin film monolithic structure In- 
cluding a plurality of thin films which include at least a 
silicon semiconductor layer having an insulating layer, 
a conductive layer, a source, a drain and a channel re- 
gion. The cost of the TFT greatly depends on the pro- 
duction cost of the thin film monolithic structure. 
[0006] The insulation layer in the thin film rnonolrWc 
structure is formed by a low pressure chemical vapor 
deposition (LPCVD) process or a plasma enhanced 
CVD (PECVD) process, since a normal pressure CVD 
(NPCVD) process results in low uniformity of the film 
thickness. The conductive layer, or typically the metd 
layer, is formed by a sputtering process. The silicon film 
for forming the silicon semiconductor layer is also 
formed by the PECVD or LPCVD process. Further, a 
method for implanting an impurity into the silicon film by 
an ion implanting process or an Ion doping process Is 
used. Alternatively, the high concentration impurity re- 
gion which functions as a source-drain region Is formed 
of an impurity-doped silicon film in a CVD system. 
[0007] The CVD systems and the sputtering system 
used in the above-mentioned film deposition processes 
belong to vacuum units for processing materials under 
vacuum pressures, and require targe vacuum systems, 
resulting in an increase in initial investment In the vac- 
uum system, a substrate Is transferred to a vacuum 
evacuation chamber, a substrate heating chamber, m 
film deposition chamber and a vent chamber in that or- 
der to form a film. The substrate atmosphere therefore 
must be changed from open air to vacuum, and this fim- 
its the throughput Since the Ion implanter end the Ion- 
doping system are also vacuum systems, the same 
problems as above occur. Further, the ion lm planter and 
the ion-doping system require complex mechanisms for 
generating plasma, extracting ions, mass-separating 
the ions (for the ion implanter), accelerating ions, cd«- 
mating ions, scanning ions end so on. resulting in e re- 
markably high inrtial Investment cost 
[0008] As described above, the thin film deposition 
technology and the processing technology for producino 
a thin film monolithic structure Is basically similar to the 
manufacturing technology for LSI ctrcufts. The main 
means for cost reduction of the TFT substra te Inc tods 
scaling-up of the substrate size for forming TFTs, Im- 
provement in efficiency of the thin film deposition and 
its processing step, and improvement in yield. 
[0009J Scaling-up of the substrate sire for producing 
large liquid crystal display devices with reduced costs is 
an obstacle to high speed transfer of the substrates In 
the vacuum system, and causes breakage of the sub- 
strate due to thermal stress during the deposition steps, 
hence it is significantly difficult to improve the throughput 
of the film deposition system. Also, the scaling-up of the 
substrate size inevitably requires scaling-up of the 
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deposition system. An increased cost accompanied by 
the increased volume in the vacuum system further in- 
creases the initial investment, and as a result, it is diffi- 
cult to achieve drastic cost reduction. 
[001 OJ Although an increased yield is a valuable 8 
means for cost reduction, a yield near the limit has been 
achieved, and thus drastic cost reduction is difficult in 
view of the yie£&. 

[001 1 J Patterning of each layer is performed by a pho- 
tolithographic process. The photolithographic proosoo 
essentially includes a coating step, an exposure step 
and a developing step of a resist film. After these steps, 
an etching step and a resist-re moving step are require**], 
hence the steps for patterning is a factor in increasing 
the number of steps for thin film deposition. This is a 
factor in the increased cost of thin film device produc- 

[0 0 1 23 Regarding the resist-coating step in the photo- 
lithographic process, only less than 1 % of the resist ec- 
lution dropped onto the substrate remains on the sub- 
strate as the resist film after spin coating, deteriorating 
the efficiency of the use of the resist solution. 
[001 33 Although a printing process has been pro- 
posed as a low cost process instead of a largo sccOo 
exposure system used in the exposure step, it has not 
yet reached practical use due to problems such 00 
processing accurcs^ 

[0014J As described above, it is not possible to drao- 
tically reduce the cost of the TFT substrate, although tho 
market requires drastic price reduction of the liquid crys- 
tal display devicco. 

[001 53 It is an object of the present invention to pro- 
vide a thin film device and a method for mating Cto 
same, in which a part or all of the films in a thin film m&fc*.. 
olithic structure used for a liquid crystal display device 
are deposited without a vacuum system in order to do- 
crease initial investment and operation costs, increase* 
the throughput and significantly decrease the produc- 
tion C03&3* 

[00163 . K is another object of the present invention to 
provide a thin film device and a method for making tho 
same, in which a thin film having characteristics simiicr 
to those of a CVD or sputtered film is formed of a coating 
film while achieving cost reduction. 
[00.1 73 It is a further object of the present invention to 
provide a thin film device and a method for making tho 
same, in which the consumption of a coating solution to 
decreased in the formation of the thin coating film for 
achieving cost reduction 

[00183 K is still another object of the present invention 
to provide a thin film device and a method for making 
the same, which is capable of patterning the formed film 
without a photolithographic process and thus reducing 
the cccS. . 

[001 93 It is a still further object of the present invention 
to provide a thin film device, a liquid crystal panel and 
an electronic device using the same, in which a ptato 
in contact with the liquid crystal can be plana rized toy 



forming a pixel electrode with a coating fBm. 
[0020] It is another object of the present invention to 
provide a thin film device, a liquid crystal panel, and ere 
electronic device using the same, in which/a wiring layer 
can be used as a light-shielding layer for a' black matffex 
and the thin film device has a high aperture ra£&. 
[0 021 J It is still another object of the present invention 
to provide a liquid crystal panel and an electronic devto 
which enable cost reduction due to use of an inexpsa>* 
sive thin film devto. 

[DISCLOSURE OF INVENTION 

[0 0223 According to an embodiment of the presenttft- 
vention, a thin film device has a thin film monolithic stress 
ture comprising a plurality of thin films including at Iec3l 
one insulating layer and at least one conductive ftaycr, 
wherefja 

at least one thin fibn En the th5n fiton monoMG3£s 
structure is formed o? a coating film (excluding a s$£s>» 
on-glass film having a baste structure comprising r3» 
loxane bonds), which is obtained by applying a solutoa 
containing a constituent off the thin film followed toy cs>» 
nea&t@. 

X00233 A method for making the thfn film device ©ssfc- 
prises the following stepo 

applying a coating solution containing a constftucsd 

of the thin film onto a substrate; en^l 

forming a coating film (excluding a spin-on-glaso 

film having a basic structure comprising siloxano 

bonds) by annealing the coated surface of the s*£fc» 

strc£o. 

[00243 In the present invention, at least one layer tn 
the thin film monolithic structure is formed as a coa&ag 
film without a vacuum system. As such a coating fea„ a 
spin-on-glass (SOG) film having a basic structure ccivD- 
prising siloxane bonds, whfeh has been used co o 
planarization layer, has been known. The organic SO© 
film is, however, readily etched during an oxygen p3cr> 
ma process, whereas tta inorganic SOG fifim res^7 
cracks even if the film has a thickness off several! 
sand angstroms, hence ft bareSy used sofeJy ©o era 
interievel insulating film, and Is used as only a piesrc^ 
zation layer above a CVD insulating Cm 
[0025] In the present invention, an insulating 8s$c? 
and a conductive layer composing a thin film mono8S9u3 
structure are formed offa coating film other than the-SO© 
film, and the thin film can be plana rized at the same too. 
Since the coating film can be formed without a vacu&nft 
system such as a CVD system cr a sputtering syst&nft, 
a mass-production line can be constructed with a sigftj&» 
icantly smaller investment compared to convention 
systems, the throughput of the system can be Increased 
and the cost of the thin film device can be drasticaC^ 
reduced. 

[0026J The thin film monolithic structures incfudo so** 
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ious structures, for example, those including semicon- 
ductor layers, those including thin film transistors, and 
those including an underlying insulating layer and an up- 
per protective insulating layer. 

[0027] In these cases, it is preferable that all the insu- & 
lating layers contained in the thin film monolithic struc- 
ture be formed of a coating film. A gate insulating layer 
requiring a critical film quality for ensuring desired tf£ju ■■ 
film transistor characteristics, however, may be formed 
by a method other than a coating process. *6 
[0028J It is preferable that at least two thin films in tha 
thin film monolithic structure be formed by a coatfcrcg 
process in order to reduce the device cost which is a 
purpose of the present invention. 
[00293 The insulating layer can be formed of a SiOa 
coating film which is obtained by applying a solution con- 
taining a polymer having Si-N bonds (polysilazane)*!^ 
lowed by a first annealing process in an oxygen atmos- 
phere. Since the porysflazane having the above stnco- 
ture exhibits high cracking resistance and oxygen plas- 20 
ma resistance, a single layer can be used as an insulat- 
ing layer having a given thickness. 
[00303 It is preferable that the insulating layer be sub- 
jected to a second annealing process at a temperaturo 
higher than that in the first annealing process to further 20 
clean its surface. The second annealing process cray 
be performed at a high temperature for a short period 
using a laser or a laretpu- 

[0031J) The semiconductor layer is formed by implant- 
ing anTmpuri^^ formed S3 
by applying a solution containing silicon particles Cs3- 
lowed by a first annealing process. 
[0032]) It is preferable that the semiconductor layer to 
subjected to a second annealing process at a tempera- 
ture higher than that in the first annealing process to fen- 33 
prove the crystallinity in the layer. The second annealing 
process may also be performed at a high temperatioo 
for a short period using a laser or a lamp. 
[00333 Preferably, a method for diffusing an impurity 
into the silicon coating film comprises the following steps <o 

©a 

forming by coating an impurity-containing layer onto 
the silicon coating film; and 

diffusing the impurity into the silicon coating fitaa tep 
heating the impurity-containing layer* 

[00343 Conventionally, the high concentration impuri- 
ty region which functions as a source-drain region has 
been formed of an impurity-doped silicon film by a CVO so 
system, or formed by introduction of an impurity by on 
ion implanting process or an ion doping process, whero- 
as in the present invention, a source-drain region fo 
formed by a step of applying and baking a solution &> 
form a thin film containing an impurity, and by a step of «3 
annealing the thin film at a high temperature for a short 
period using a lamp or a laser to form a high concentro 
tion impurity region. The ion implanting system and tfta 



ion doping system basically belong to vacuum systemo, 
and require extremely complicated mechanisms to 
generating plasma, extracting tons, mass-separating 
the ions (for the ion implanter), accelerating ions, cc£3- 
mating ions, scanning ions and so on, hence these fcso 
systems have evidential high prices compared to ttto 
system for coating and annealing the thin film containing 
the impurity. 

[0 035J There are two methods for forming the coixkc©- 
tive layer. In one method a thin metal film is formed s3tS 
in the other method a thin transparent conductive fibrofo 
form®& 

[0 0363 The formation of the thin metal film as a cott- 
ductive layer includes coating of a solution containing 
conductive particles then evaporating the solvent toy Q 
first annealing process. A conductive coating film cca 
be thereby formed. 

[0037J It Is preferable that the conductive layer eCc® 
be subjected to a second annealing process sit m t&nrc- 
perature higher than that bv the first annealing proceed 
to reduce the resistance of the laysr. The second cs>* 
nealing process may be performed at a high tempsao* 
hire for a short period using a laser or a Isju^j. 
[00383 Preferably, a method for forming a transparcsl 
conductive film as a conductive layer compneco: 

a first annealing step annealing the coated surfeso 
in an oxygen or nonreductrve atmosphere; 
a second annealing step annealing the coated ef- 
face in a hydrogen or reductive atmospteso* 

[0039] When forming the transparent electrode as Cto 
conductive layer, for exampte, an organic acid contest 
ing indium and tin is used as a coating solution. Prefer- 
ably in this case, a solvent used for adjusting the viscjo 
ity is evaporated (at, for exempts, a temperature off 
proximately 100 *C) after coating, and then the abo*£> 
mentioned first and second annealing processes cso 
performed. Indium oxide and tin oxide are formed duff&sg 
the first annealing process and the film is reduced durfrtg 
the second annealing process fn a hydrogen or retfcc^ 
tive atmospfftcro. 

[00403 It is preferable that the temperature In the cc&> 
ond annealing process be tower than that cn the first-Cfc- 
nealing procsco. 

[004UJ The transparent conductive coating film a to* 
the first annealing process can be prevented from ©tC3*» 
mal deterioration In the second annealing proceCG. 
[00423 Preferably, the substrata fe maintained tn Cto 
nonoxidizing atmosphere after the second anneaErcg 
process until the substrate temperature 1s decreased Ca> 
200 °C or less. The reoxidation of the transparent ©se- 
ductive coating film reduced during the second annsc5» 
ing process can be thereby suppressed, and thus ©to 
sheet resistance of the transparent conductive coatfctg 
film does not increase. It is preferable that the substnutD 
be introduced into open afr at a temperature dl 108 °C 
or less in order to ensure prevention of the reoxidstenj. 
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Since the resistivity of the coated ITO film decreases for 
proportion to the oxygen defects in the film, the reoxida- 
tion of the trans parent conductive coating film due to ob- 
ygen in the open air results in an increase in the specffts 
resistivity. 

[0043J In the formation of the transparent conductive 
coating film, a coating solution containing indium (In) 
and tin (Sn) is applied onto the substrate. The coating 
film is oxidized in the first annealing process to form an 
ITO film. Using the coated ITO film, the conductive layer 
is also usable for the transparent electrcdb. 
10044] When the surface of the ITO film is plated with 
a metal, the film can be used as a conductive layer other 
than the transparent electrode, and the metal plating 
can decrease the contact resistance. 
[0045] It is preferable that a conductive sputtering film 
be formed on the contact face of the coated ITO film by 
a sputtering process. 

[0046J An example of the thin film monolithic structure) 
is an active matrix substrate including pixel switching el- 
ements provided on their respective pixels, which ana 
formed near intersections of a plurality of data lines with 
a plurality of scanning lines, and pixel electrodes con- 
nected thereta. 

[00473 A typical pixel switching element used in the 
active matrix substrate is a thin film transistor. The thin 
film transistor as the pixel switching element includes o 
gate electrode electrically connected to one of the seaso- 
ning Jines and a drain electrode electrically connected 
to one of the pixel electrodes. 

[00483 tt is preferable that the pixel electrodes to 
formed of a conductive coating film in such a thin film 
monolithic structure. The surface in which the pixel elec- 
trodes are formed generally has steps, while the surface . 
of the conductive coating film is almost planarized when 
the pixel electrode is formed of the conductive coating 
film. As a result, rubbing can be satisfactorily performed 
and occurrence of reverse-tilt domains can be prevent 

[0049J It is preferable that the conductive coating film 
used for the pixel electrodes be a coated ITO film. Trco 
coated ITO film functions as a transparent electrode 
is suitable for producing an active matrix substrate En o 
transmission liquid crystal display device. 
[0050J The thin film transistor as the pixel switching 
element includes an interievel insulating film formed cn 
the front surface of the gate electrode, and the data Cra 
and pixel electrode are electrically connected to the 
source region and the drain region, respective^, 
through contact holes formed in the interievel insulating 

[0051 J The interievel insulating film may be composed 
of a lower interievel insulating film which lies at the lower 
side and an upper interievel insulating film which fe 
formed on the surface of the lower interievel insulating 
film. In this case, the data line is electrically connected 
to the source region through a first contact hole formed 
in the lower interievel insulating film. On the other hand, 



the pixel electrode is electrically connected to the dra&a 
region through a second contact hole formed in the too 
er interievel insulating film and. the upper interievel tn>- 
sulating fita. jl 

9 [0052J In such a configuration, the data* line and tfto 
pixel electrode are formed on different layers from eadto 
other, hence these do not short-circuit each other even 
if they are formed at a position in which they overlap w5©s> 
each other. The periphery of the pixel electrode csft 

10 therefore be arranged above the data line and the sccs> 
ningt&to. 

[0053J As a result, no planar gap Is present between* 
the data line or scanning line and the pixel electrcdo. 
The data line and the scanning Tine can therefore ftaso- 

15 tion as a black matrix having a light-shielding functor 
Accordingly, it is not required to form a light shiekfcrcs 
layer as the black matrix by an additional proosoa 
[0054J Since the range capable of forming the pad 
electrode is expanded, the aperture ratio of the pixel co- 

30 gion is increased, resulting tn a bright dispSG^L 

[0 055]) rt * s preferable that the pixel electrode formed 
of a conductive coating film be electrically connected C3> 
the drain electrode through a conductive sputtering (Esa. 
[0056B Since the sputtering film has & tower confegj 

29 resistance than that of the conductive coating fibra* ©so 
contact resistance can be reduced by intervening ©co 
conductive sputtering film between the conductive <oac$> 
ing film and the source regto. 

[0057J It is preferable the conductive sputtering tea 

30 be a sputtering ITO film so as not to decrease the apd** 
ture ra£e>. 

[0058]) When the conductive coating film and the con- 
ductive sputtering film have the same pattern, the accos- 
racy in the patterning of the pixel electrode can bo te- 

39 proved, because a resist film can be formed on onfiy &co 
conductive coating film having high adhesiveness tod&co 
resist mask and the conductive coating film and the <BS3> 
ductive sputtering film can be simultaneously patterned. 
Resist mask formation on the conductive sputtering &a 

to having low adhesiveness to the resist mask is ratf ac- 
quired, and a decrease In accuracy in the patterning <E=fl 
beavokf£& 

[00593 When the conductive coating film and tfta CC5> 
ductive sputtering film does not have the same patter 
49 it is preferable that the periphery of the conductive cock- 
ing film lies outside of the periphery of the cc«duc%?o 
sputtering Ba. 

[006qj Resist masks are separately formed «a Cto 
conductive coating film and the conductive spirited 

60 film and are separately subjected to sputtering by difto 
ent steps. The accuracy of the patterning for the perfpft- 
ery of the pixel electrode depends on the accuracy <s? 
the patterning for the conductive coating film hav&tg a 
larger patterning dimension than that of the conducive 

59 sputtering film. The low accuracy of the patterning Cs? 
the conductive sputtering film having low adhesrvenoco 
to the resist mask does not affect the accuracy cf Cfco 
patterning for the pixel electro£o. 
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[0061J When the conductive sputtering film and the 
data fine are present in the same layer, these can bo 
simultaneously formed of the same metal materia!. 
[0062] Alternatively, the conductive sputtering flEna 
may lie above the data line. In this case, since these « 
layers are formed by different steps, these layer may bo 
formed of the same material or different materials. 
[0063) The interievel insulating film may include a low- 
er interievel insulating film at the lower side and an upper 
interievel insulating film deposited on the surface of to $® 
lower interievel insulating film/and the data Bne and to 
conductive sputtering film may be formed on the surface 
of the upper interievel insulating film. The data line to 
electrically connected to the source region through a 
first contact hole formed in the lower interievel insulating *5 
film. On the other hand, the conductive sputtering fifcnri 
is electrically connected to the drain region through a 
second contact hole formed in the upper interievel insu- 
lating film and the lower interievel insulating film. The 
conductive coating film is deposited on the surface 00 » 
the conductive sputtering film. 

[0064]) Alternatively, the data line and the conductive 
sputtering film may be formed in the same layer on tho 
surface of the lower interievel insulating film. In th3s 
case, the data line is electrically connected to the scocnsa S3 
region through a first contact hole formed in the lower 
interievel insulating film. The conductive sputtering fiton 
is electrically connected to the drain region through a 
second contact hole formed in the lower interievel insu- 
lating film. Further, the conductive coating film is depos- 30 
ited on the surface of the upper interievel insulating film, 
and electrically connected to the conductive sputtering 
film through a third contact hole formed in the upper fn- 
terievel insulating fita. 

[0065]) In accordance with another embodiment, a Gq- *s 
uid crystal panel comprises: 

an active matrix substrate provided with the abovo- 
mentioned thin film devices, 

a counter substrate facing the active matrix sub- <o 
' m strata, 

a liquid crystal layer encapsulated between the ©o- : 
tive matrix substrate and the counter subsfrctD. 

[00663 In accordance with a further embodimsn*. Cn> <3 
electronic device comprises the liquid crystal psszX 
[00673 In these cases, the cost reduction fri to C£a 
film device enables drastic cost reduction off the liquid 
crystal panel and the electronic device using the liquid 
crystal panel. C9 
[00683 In the above-mentioned solution coating step, 
. it is preferable that the solution be applied to only tits 
coating region on the substrate to form a patterned cost- 
ing film on the substrate, because a photolithographic 
process including many steps is not required. AcconScstg & 
to this process, consumption of the coating solution da- 
creases and thus the operation cost can be reducs& 
[0 0 693 In accordance with still another embodiment 
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the present invention, a method for making a thin fBsa 
device is characterized in that a patterned coating fSm 
is formed on the substrate fey: 

prepa ring a coating solution dispenser head provfrB- 
ed with a plurality of liquid discharging nozzles, ard) 
discharging the coating solution onto only the ccoB- 
ing region on the substrate while relatively changistg 
the positions of the substrate and the liquid <Go- 
charging nozztco. 

[0070J This method can be achieved by, for exampSo, I 
an ink jet process. Since the coating solution is not wcc8^ | 
ed and no photolithographic process Is required, tfci3 
method greatly contributes to the investment cost reduc- 
tion and improved throughput For example, in convex 
tional coating techniques only approximate^ D <rf a 
dropped resist has been used as a coating film , whsa> 
as in the present invention 10% or more of a dropped 
resist can be used as a coating film. Of course, su^a o 
high coating efficiency holds for the other coating fifcvQ 
in the present invention, and thus the reduced use of to 
coating materials and the reduced time tn the coa£n3 
processes enable the cost reduction of liquid crystal 
playdevJoco. 

[0071J It is preferable that these nozzles bo &tdeperc&» 
ently controlled to dischamp or nxA to discharge to 
coating solution, and positions of the substrate and to 
discharge nozzJes be relatively changed while conte^ 
ling the coating timing on the nozzle. More precise pbG- . 
tern coating can thereby be achieved. 
[0072J Such a coating process is applicable to coating 
of various coating solutions for forming coating films foy 
other than coating of the resist for forming a resist pa&* 
tern. For example, if an insulating coating film is patter 
coated, a contact hole con formed simultaneous^ 
with the coatfctg. 

[0073]) As described abovo, cn accordance with to 
present invention, a part or all of the thin films can &o 
formed by applying and annealing a solution, henoo Q 
thin film device can be produced with an inexpensfco 
production unit having a high througd^L 

[BRIEF DESCRIPTION OF ORAWIrSKS^) 

Fig. lis a block diagram of a coating film depositor 
unit used in a first embodiment bn accordance v£3ft 
the present inventor 

Fig. 2 is a block diagram of another coating WzrnSSp* 
osition unit used En a first embodiment tn accost 
ance with the present invented 
Fig. 3 is a cross-sectional view of a coplanar-typo 

Fig. A is a cross-sectional view of a reverse stagger 
type-TRS 

Fig. 5 is a block diagram of en Sn-fine-type coaEag 
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film deposition unit used in a first embodiment in ac- 
cordance with the present invention; 
Fig. 6 is a block diagram of another in-line-type 
coating film deposition unit used in a first embodi- 
ment in accordance with the present invention; 9 
Fig. 7 is a block diagram of a silicon-coating film 
deposition unit used in a first embodiment in accord- 
ance with the present invention; 
Fig. 8 is a block diagram of another silicon-coating 
film deposition unit used in a first embodiment in ao- *0 
cordance with the present invention; 
Fig. 9 is a flow chart illustrating a method for metal- 
plating onto an ITO coating film surface; 
Fig. 1 0 is a cross-sectional view of a production step 
of a coplanar-type TFT using an insulating layer 
containing an impurity in accordance with the 
present invention; 

Fig. 11 is a cross-sectional view of a production step 
of a reverse stagger-type TFT using an insulating 
layer containing an impurity in accordance with torn » 
present invention; 

Fig. 12 is a block diagram of a solution coating unit 
used in a first embodiment in accordance with the 
present invention; 

Fig. 13 is an outlined schematic view illustrating a » 
state of the solution coating unit of Fig. 12 after spin 
coating; 

Fig. 14 is a block diagram of another solution coat- 
ing unit in accordance with the present invention; 
Fig. 15 is an enlarged partial view of the solution *> 
coating unit shown in Fig. 14; 
Fig. 16 is an enlarged partial view of the solution 
coating unit shown in Fig. 14; 
Fig. 17 is a schematic view of a TFT substrate form- 
ing a liquid crystal display device; 
Fig. 18 is an enlarged plan view of a portion of a 
pixel region independently formed on an active ma- 
trix substrate for a liquid crystal display device in 
accordance with a second embodiment of the 
present invention; 40 
Fig. 1 9 is a cross-sectional view taken along section 
W of Fig. 10; 

Fig. 20 is a cross-sectional view illustrating a meth- 
od for making the active matrix substrate shown in 
Fig. 19; 49 
Fig. 21 is a cross-sectional view illustrating the fol- 
lowing steps after the steps shown in Bg. 20; 
Fig. 22 is an enlarged plan view of a portion of a 
pixel region independently formed on an active ma- 
trix substrate for a liquid crystal display device in » 
accordance with a third embodiment of the present 
invention; 

Fig. 23 is a cross-sectional view taken along section 
IMP of Pig. 22; 

Fig. 24 is a cross-sectional view illustrating the fbi- « 
lowing steps after the steps shown in Rg. 20 in the 
production of the active matrix substrate shown In 
Rg.22: 



Figs. 25(A) and 25(B) are enlarged longitudinal 
cross-sectional views near contact holes of a com- 
parative example and an example in accordance 
with the present invention, respectively; 
Fig. 26 is a cross-sectional view of a' structure In 
accordance with a fourth embodiment of the 
present invention, taken along section IHP of Fig. 
22; 

Figs. 27(A) to 27(E) are cross-sectional views of a 
method for making the active matrix substrata 
shown in Fig. 26; 

Figs. 28(A) to 28(E) are cross-sectional views of the 
following steps after the steps shown in Fig. 27; 
Fig. 29 is an enlarged plan view of a portion of a 
pixel region independently formed on an active ma- 
trix substrate for a liquid crystal display device in 
accordance with a fifth embodiment of the present 
invention; 

Fig. 30 is a cross-sectional view taken along section 
IIMirof Fig. 29; 

Figs. 31 (A) to 31 (F) are cross-sectional view* S- 
lustrating the following steps after the steps shown 
in Fig. 27 in the production of the active matrix sub- 
strate shown in Fig. 29; 

Fig. 32 is an enlarged plan view of a portion of a 
pixel region independently formed on an active ma- 
trix substrate for a liquid crystal display device in 
accordance with a sixth embodiment of the present 
invention; 

Fig. 33 is a cross-sectional view taken along section 

IV- TVof Fig.32; 

Figs. 34(A) to 34(D) are cross-sectional views Blue- 
trating the following steps after the steps shown in 
Fig. 27 in the production of the active matrix staV 
strate shown in Fig. 32; 

Fig. 35 is an enlarged plan view of a portion of a 
pixel region independently formed on an active ma- 
trix substrate for a liquid crystal display device In 
accordance with a seventh embodiment of the 
present invention; 

Fig. 36 is a cross-sectional view taken along section 

V- VofFig.35; 

Figs. 37(A) to 37(C) are cross-sectional views Wue- 
trating the following steps after the steps shown In 
Fig. 27 in the production of the active matrix sub- 
strate shown in Rg. 35; 

Figs. 38(A) and 38(B) ere schematic views of active 
matrix substrates for liquid crystal display devices 
in accordance with another embodiment; 
Figs. 39(A) and 39(B) are enlarged longitudinal 
cross-sectional views near contact holes of a com- 
parative example and en example in accordance 
with the present invention, respectively; 
Fig. 40 is a block diagram of a liquid crystal display 
device included in an electronic device in acoonJ- 
ance with an eighth embodiment of the present In- 
vention; 

Fig. 41 is an outlined cross-sectional view of a pto- 
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jector as an example of the electronic device using 

the liquid crystal display device of Fig. 40; 

Fig. 42 is a schematic view of a personal computer 

as another example of the electronic device; 

Rg. 43 is an assembly view of a pager as a further 

example of the electronic device; and 

Fig. 44 is a schematic view of a liquid crystal display 

device provided with a TCP. 

[BEST MODE FOR CARRYING OUT THE INVENTION] 

[0075J The present invention will now be described cn 
detail with reference to the drawings. 

FIRST EMBODIMENT 

(Illustration of Thin Film Device Structure) 

[0076J Two examples of thin film devices including 
TFTs are shown in Figs. 3 and 4. 
[00773 F»g. 3 Is a cross-sectional view of a TFT usfcag 
a coplanar-rype polycrystalline silicon. An insulating un- 
derlayer 12 is formed on a glass substrate, and a po$y- 
crystalline silicon TFT is formed thereon. In Rg. 3. the 
polycrystalline silicon layer 14 comprises a source re- 
gion 14S and a drain region 14D which are highly doped 
with an impurity, and a channel region 14C therebe- 
tween. 

[0078J A gate Insulating film 16 is formed on the pc^- 
crystalline silicon layer 14 and a gate electrode 18 and 
a gate line (not shown in the drawing) are formed «hc^ 
eon. A pixel electrode 22 composed of a transparent 
electrode film is connected to the drain region 14D 
through an opening section formed in an interlevel insu- 
lating film 20 and the gate insulating film 1 6 thereunder, 
and a source line 24 is connected to the source region 
14S. A topmost protective film 26 may be omitted. Tno 
insulating underlayer 12 is provided for the purpose off 
prevention contamination from the glass substrate 10 
and of conditioning of the surface for forming the pdty- 
crystalline silicon film 14, and may be omitted in soma 
casoa 

(00 79]) Fig. 4 is a cross-sectional view of a reverse 
stagger-type amorphous silicon TFT. An insulating icrc- 
derlayer 32 is formed on a glass substrate 30, and en 
amorphous silicon TFT is formed thereon. The insider 
ing underlayer 32 is often omitted. In Fig. 4, a layer or a 
plurality of layers of gate insulating films 36 are formed 
under a gate electrode 34 and a gate line connected 
thereto. On the gate electrode 34, an amorphous silicon 
channel region 38C is formed, and a source regfon SOS 
and a drain region 38D are formed by diffusing an im- 
purity into the amorphous silicon. A pixel electrode 40 
is electrically connected to the drain region 38D through 
a metal lead layer 42, and a source line 44 is electrically 
connected to the source region 38S. The metal lead taj^ 
er 42 and the source line are simultaneously formed. 
I0080J A channel protective film 46 is formed oh tto 



channel region 38C to protect the channel region 38C 
during etching of the source region 38S and the drefo 
region 38D, and may be omitted in some cassc 
[0081J Figs. 3 and 4 show baste TFT structures, and 

Q these structures may have a very wide range of mod^» 
cations. For example, in order to increase the opertioo 
ratio in the coplanar-type TFT In Ftg. 3, a second into*- 
level insulating film may be provided between the ptad 
electrode 22 and the source line 24 to decrease the gap 

10 between the pixel electrode 22 and the source One 24. 
Further, in order to decrease the wiring resistance of tifto 
gate line not shown in the drawing and the source Ktrto 
24 which are connected to the gate electrode 18 and Co 
increase the wiring length, the gate fine and the source 

18 line may be formed of multiple layers. A light shielding 
layer may be formed on or under the TFT elemertL Cn 
the reverse stagger-type TIFT In Fig. 4, the wiring \mc3 
and the insulating film may be formed of multiple laysra 
for the purpose of improvement En the aperture ralS®, o 

so decrease in the wiring resistance and a decrease in <£> 
fecSb. 

[0082]] Most of these modifications to th© baste ste^ 
tures in Fig. 3 or 4 involve an Increase in the numbC7<sJ 
thin layers deposited to form tfra TFT. 
?5 [0083]) The following example shows a case En vtit^i 
various thin films in the thin film monolithic structuTCO 
shown in Figs. 3 and 4 are formed by coating films whJ^j 
require no vacuum system. 

so (Method for Forming Insulating Coating FEjuo} 

[0084]) Fig. 1 shows © coating film deposition uk3 
which forms a thin film, e.g. an insulating film, by appty*. 
ing and annealing a solution. The solution which Gk> 

39 comes the insulating film by annealing after coating <K£a= 
tains a polysilazane (generic name for polymers havestg 
Si-N bonds). A typical polysilazane Is polypemydrosSo- 
zane represented by [SiHjNHJ,, wherein n is an integer. 
The compound is commercially available under ®C3 

40 commercial name °Tonen Polysilazane 0 which is ms£o 
by Tonen Corporations. $ afoyJ groupo, metifc^ 
groups or ethyl groups, are substituted for hydrogen cV 
cms in [SiH 2 NH{a, tfta compound to called orgss^s 
polysilazane to distinguish & from inorganic porys£> 

<& zane. In this embodiment, ft Es preferable that inorgs^fs 
polysTlazanes be usc£L 

[0085]) After a porysilazarra ts mixed with a sc4vc32 
such as xylene, the solution is applied onto a subsfr&CD 
by spin coating. The coating film is converted to SfQa teg 
so annealing in a steam- or oxygen-containing atrra> 
pfceso. 

I0086J A film for comparison Bs a spin-on-glass (SG*£) 
film which is converted to an insulating film by anneaGng 
after coating. The SOG film is composed of a polymer 
ss having siloxane bonds as a baste structure. The SO© 
polymers include organic polymers having alkyl grc«£3 
and inorganic polymers not having alkyf groups, and c3» 
cohols and the like are used as solvents. The SOG CSsa 



0 



15 



EP 1! 445 793 m 



is used as an interlevel insulating film in an LSI for the 
purpose of penalization. The organic SOG film is read- 
ily etched during an oxygen plasma process, whereas 
the inorganic SOG film readily forms cracks even if ft 
has a thickness of several hundred angstroms, hence 
these films are not used as a single layer of insulating 
film, but are used as a planarization layer on a CVD in- 
sulating fitoffi. 

[0087J In contrast, porysilazane has high crack resist- 
ance and oxygen plasma resistance, and can be used 
as a single layer of insulating film having an appropriate 
thickness. A case using potysflazane will now be de- 
scribed. 

[0088J In the present invention, at least one layer and 
preferably a plurality of layers in the thin film monolithte 
structure are formed of coating films other than the SOG 
film which has siloxane bonds as a basic structure. Ad- 
ditional SOG films can be used within the range satisfy- 
ing the above condition. 

[0089J In Fig. 1, a loader 101 separately takes out a 
plurality of substrates stored in a cassette and moves 
the glass substrates onto a spin coater 102. In the spfri 
coater 1 02, as shown in Fig. 12, a substrate 1 32 is fixed 
by vacuum on a stage 130, and then a polysiiazane so- 
lution 138 is dropped onto the substrate 132 through a 
nozzle 136 of a dispenser 134. A mixed solution cf 
polysiiazane and xylene is stored in a container called 
a canister at a solution storage section 105 shown tn 
Figs. 1 and 12. The mixed solution of polysiiazane and 
xylene is supplied to the dispenser 1 34 from the solution 
storage section 105 through a feeding pipe 140 and & 
coated onto the substrate. Then, as shown in Fig. 13. 
the polysiiazane solution 1 38 is extended onto the entire 
surface of the glass substrate 132 by the rotation of tfca 
stage 130. Most of xylene is evaporated in this process. 
A control section 106 shown in Fig. 1 controls the speed 
and time of rotation of the stage 130 to increase tto 
speed to 1,000 rpm in several seconds, to mainta&ra 
1,000 rpm for approximately 20 seconds, and to stop 
the rotation after several seconds. In such a coating con- 
dition, the polysiiazane coating film has a thickness cf 
approximately 7,000 angstroms. Next, the glass sub- 
strate is transferred to an annealing section 103 and an- 
nealed at a temperature of 100 to 350 °C for 10 to 6© 
minutes in a steam atmosphere to modify the polysiia- 
zane to Si0 2 . A temperature control section 1 07 contrcfe 
the annealing step. The length of the annealing sectics) 
103 and the capacity for holding the substrates in tho 
annealing section 1 03 is determined so as to match CtD 
tact time of the spin coater 102 with the annealing tima 
in order to enhance the performance of the coating-typa 
Insulating film deposition unit (The tact time is the pe- 
riod from commencement of processing one substrate 
in the manufacturing device to the time that the neat 
when processing of the next substrate can commence). 
Since the polysiiazane solution contains, for exampSo. 
xylene, and since hydrogen and ammonia form during 
the modification, at least the spin coater 102 and tfco . 



a n ne a ling s ection 1 03 require a ventilating system 1 03. 
The glass substrate provided with the insulating fifeffi) 
formed during the annealing process is stored into o 
cassette by an unloader 104. / 

8 [0090] The coating-type insulating film deposition un3 
of the present invention shown in Fig. 1 has a signft^ 
cahtly simplified system configuration compared to ©arc- 
ventional CVD systems, and thus the price of the unftfcj 
remarkably decreased. Further, the unit has a higher 

to throughput than the CVD systems, decreased mainte- 
nance, and a high net working rato. These advantages 
enables drastic cost reduction of liquid crystal disp5o^ 
devices. . 

[0091 J The coating-type insulating film deposition 

18 shown in Fig. 1 can form all the insulating films shos?ra 
in Fig. 3, that is, the insulating undertayer 12, the g©CD 
insulating layer 16, the interlevel insulating film 20 ont^l 
the protective film 26. When an additional insulating top- 
er is formed between the pixel electrode 22 and &to 

20 source electrode 24, the formation of tho coating &sa 
using the unit shown in Fig. 1 1s particularly effectivo Csr . 
planarization of the surface of th© additional insulator 
layer. The insulating underlays? 12 and the protectfco 
film 26 may be omitted in some casco. 

28 [0092]) Since the gate insulating film 16 is an importou* 
insulating film determining electrical! characteristfeo e? 
the TFT, interfacial characteristics between the film cm$ 
the silicon film, as well as the film thickness and the C&vD 
quality, must be controCc^L 

so [0093J In order to achieve such control. It Is preferred 
to clean the surface of the silicon film 14 before forming 
the gate insulating film 16 by coating and to use a cosft- 
ing-type insulating film deposition unft shown In Rg. 2. 
The unit shown in Fig. 2 is provided with a first annea&tg 

33 section 103A having the same function as the anneaGrcg 
section of the unit shown 'En Hg. 1, and a second anncc3= 
ing section 103B in front of ©n unloader 104. After ®tO 
annealing in the first annealing section 103A, tho cco- 
ond annealing section 103B preferably performs an cft~ 

<o nealing process at a temperature of 400 to 500 ^ 
which is higher than the annealing temperature of fc> 
first annealing section 103A, for 30 to 60 minutes ercfl 
annealing process at a high temperature to* a short {pe- 
riod, such as lamp annealing or laser anneaKsg. 

45 [0094J As a result, the insulating films such as the goto 
insulating film 16 are further closed and have improved 
film quality and interfacial characteristics compared to 
the annealing only in the annealing section shown En (ftg. 

so [0095J Regarding fitea interface characterise^ a 
CVD film formed in a vacuum atmosphere can be eacC$? 
controlled compared to the insulating coating film. Wftcro 
a high performance TFT Is required, therefore, the goto 
insulating film may be formed of a CVD film and the oifcer 

88 insulating films in the TFT may be formed of insulating 
coating films in accordance with the present inventor 
[0096J In the TFT structure cn^cg. 4, the insulating qd> 
derlayer 32, the gate insulating film 38 and the characdl 
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protective film 46 can use the insulating coating film of 
the present invention. 

(Method for Forming Silicon Coating Film) 

[0097] Using a coating solution containing silicon par- 
ticles, which is stored in the solution storage section 1 05 
shown in Fig. 1 or 2, a silicon coating film can be formed 
using the same unit shown in Fig. 1 or 2. 
[0098J The sbe of the silicon particles contained in the 
coating solution ranges, for example, from 0.01 to 10 
jim. The size of the silicon particles is determined by the 
thickness of the silicon coating film. In the silicon parti- 
cles obtained by the present inventors, particles of ap- 
proximately 1 nm occupy 10 % , and those of 10 m or 
less occupy 95 % . The silicon particles having such a 
size distribution are further pulverized with a pulverizer 
to obtain silicon particles having a desired size distribu- 
tion. 

[0099] The silicon particles having a given size distn- 
bution are stored in the solution storage section 1 05 as 
a suspension in a solvent such as alcohol. The suspen- 
sion composed of the silicon particles and alcohol is <fia- 
charged onto a substrate transferred onto the spin coat- 
er 106 from the loader 105. The stage 130 is rotated 
under the same coating condition as in the insulating 
coating film to extend the coating film of the silicon par- 
ticles on the substrate, wherein most of alcohol is evap- 
orated. 

[0100] Next, the substrate is annealed in the anneal- 
ing section 1 03 or the first annealing section 1 03A under 
the same annealing condition as in the insulating coat- 
ing film. The silicon particles react with each other to 
form a crystallized silicon film on the substrate. 
[0101] In the case using the unit in Fig. 2, the sub- 
strate is further annealed in the second annealing sec- 
tion 103B at a higher temperature than that in the first 
annealing section 1 03A. It is preferable that the anneal- 
ing be performed in a short time by laser annealing or 
lamp annealing. 

[0102] Reannealing in the second annealing section 
103B improves crystalfinity and compactness in the sil- 
icon film and adhesion to other films, compared to the 
annealing only in the first annealing section 103A. 
[0103] Figs. 5 and 6 are block diagrams of film depo- 
sition units for continuously forming a silicon coating film 
and insulating coating film. 

[0104] In the film deposition unit in Fig. 5, a loader 
101, a first spin coater 102A, a first annealing section 
103A, a second annealing section 103B, a second spin 
coater 102B, an annealing section 103 and an unloader 
104 are in-fine-connected. The first spin coater 102A Js 
connected with a first solution storage section 105A 
storing a suspension of silicon particles and alcohol and 
a first control section 106A. The second spin coater 
102B is connected with a second solution storage sec- 
tion 105B storing a mixed solution of polysflazane and 
xylene and a second control section 106B. 



[0105] When using the unit in Fig. 5, the number of 
loading and unloading steps each decreases once and 
the throughput is further improved. 
[0106] The film deposition unit in Fig. 6/is a modifica- 
tion of the film deposition unit in Fig. 5 in which the sec- 
ond annealing section 103B is placed after the anneal- 
ing section 103 for the insulating coating film. In this 
case, the silicon film provided with sn insulating cap lay- 
er is crystallized in the second annealing section 103B 
by laser annealing or the like. Since the insulating layer 
decreases reflectance of the silicon surface, the laser 
energy is effectively absorbed in the silicon film. Further; 
the silicon film has a smooth surface after the laser an- 
nealing. The annealing section 103 and the second an- 
nealing section 1 03B in Fig* 6 may be unified into a com- 
mon annealing section. In this case, the common an- 
nealing section can simultaneously perform firing of the 
insulating coating film and annealing for crystallization 
of the silicon film thereon. 

(Another Method for Forming Silicon Coating Film) 

[0107] Fig. 7 shows e coating-type silicon film depo- 
sition unit in which a silicon film is formed by coating end 
annealing of a coating solution: Monosilane (S\HJ and 
disilane (S^Hg) are used for forming a silicon film In a 
CVD process, whereas higher silanes such as disilane 
and trisilane (Si 3 H e ) are used in the present invention. 
Boiling points of silanes ere -111.9 °C for monosilane, 
^4.5*0 for disilane, 52.9 *C for trisilane, and 108.1*C 
for tetrasilane (Sf 4 H 10 ), respectively. Monosilane and 
disilane are therefore gaseous at room temperature and 
pressure, whereas higher silanes such as trisilane are 
liquid. Since disilane is liquified et minus several tens 
°C, it can be used as a coating film. Hereinafter, a case 
using trisilane will be primarily described. 
[0108] In Fig. 7, after glass substrates are separately 
taken out by a loader 201 from a cassette end trans- 
ferred into a load lock chamber 202, the load lock cham- 
ber 202 is evacuated by a ventilating system 711. After 
evacuating at a given pressure, the glass substrate ts 
transferred onto a spin coater 203 which is also evacu- 
ated at a similar pressure, and trisilane Ina trisilane stor- 
age section 207 is applied onto the glass substrate 
through a dispenser. The spin coater 203 rotates at a 
rate of 1 00 to 2,000 rpm for several seconds to 20 sec- 
onds to spin-coat trisilane. The glass substrate after 
spin-coating trisilane is immediately transferred to aftat 
annealing section 204 having a similar reduced p ros 
sure as above, and annealed at 300 to 450 °C for sev- 
eral tens of minutes to form a silicon film with a thickness 
of several hundred angstroms. Then, the glass sub- 
strate is transferred to a second annealing section 205 
having a similar reduced pressure as above, and an- 
nealed at a high temperature for e short time by laser or 
lamp annealing. The silicon film is thereby crystallized. 
After this, the glass substrate is transferred to a load 
lock chamber 206, and is transferred to en unloader 207 
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to a cassette after the load lock chamber 206 is released 
to atmospheric pressure with gaseous nitrogen. 
[0109J Preferably, two ventilating systems 211 ar© 
provided, that Is, one connected to the two load lock 
chambers 202 and 206 and the other connected to th© 6 
spin coater 203 and the first and second annealing sec- 
tions 204 and 205. The spin coater 203, the first anneal- 
ing section 204 and the second annealing section 205 
are always evacuated by the ventilating system 211 to 
maintain a reduced pressure (near 1.0 to 0.5 atmos- 
pheres) of an inert atmosphere, in order to prevent leak- 
age of gaseous toxic silanes. The threshold limit valu© 
(TLV) of monosilane is 5 ppm, and it is considered that 
higher silanes such as disilane have similar TLVs. Si- 
lanes spontaneously bum at room temperature in atr 
and explosively bum at high temperatures. Thus, at 
least the ventilating system 211 connected to the spSn 
coater 203 and the first and second annealing sections 
204 and 205 is connected to an exhaust gas disposal 
unit 212 which makes silanes nontoxic The processing 
chambers 201 to 207 in Fig. 7 are coupled with each 
other with gate valves which open and close when th© 
glass substrate Is transferred so that gaseous silanes 
do not flow into the two load lock chambers. 
[01 103 The main section of the spin coater 203 is al- 
most the same as in Fig. 12, and in Fig. 7, preferably 
the temperature at the stage, on which the glass sub- 
strate is fixed by vacuum, is controlled by a temperature 
controlling section 210. The temperature is controlled to 
room temperature and preferably approximately 0 C C 
when using trisilane, or at -40 °C or less and preferabfiy 
-60 °C or less when using disilane. It is preferable that 
the storage section 208 for disilane or trisilane and ® 
feed line (not shown in the drawing) be controlled to <u 
temperature similar to the stage temperature by the tem- 
perature control section 210, 

[01 1 113 Disilane or trisilane must be applied as a liquid 
at a temperature lower than its boiling point Since tris- 
ilane has a vapor pressure of approximately 0.4 atrrta. 
at room temperature and pressure and disilane has © 
vapor pressure of approximately 0.3 atms. at -40 °C and 
ordinary pressure, it is preferable that the temperature 
of the silane and substrate be decreased as much as 
possible in order to reduce the vapor pressure as much 
aspossiteo. 43 
[01 12J The spin coater 203 and the first and second 
annealing sections 204 and 205 may be pressurises] 
with an inert gas in order to further reduce trts vaps? 
pressure of disilane or trisilane and improve the unifonro- 
ity of the coating film. Since the boiling tempera too ts? CD 
disilane or the like increases in the pressurized state and 
the vapor pressure decreases at a given temperature, 
the spin coater 203 can be set at a temperature higher 
than the above-mentioned temperature and near tha 
room temperature. In this case, it is preferable that each ss 
chamber has a double layer structure in view of leakage 
of trisilane or the like, in which an outer structure is pro-, 
vided out of the pressurized structure and leaked silarco 



or the like in the outer structure is evacuated through 
another ventilating system. The exhaust gas is disposed 
in the exhaust gas disposal unit 2D2. 
[0113] Also, silane gas remaining in the/ spin coater 
203 and the first and second annealing section 204 ared 
205 is evacuated by the ventilating system 211*3. 
[0 i 1 4J In Fig. 8. the silicon film deposition unit sho&n 
in Fig. 7 and the insulating film deposition unit show?) bi 
Fig. 1 are in-line-connected to each other. In other 
words, the spin coating section 102 and the anneaBrtg 
section 1 03 shown in Rg. 1 are introduced between tfco 
second annealing section 205 and the load lock chsunft- 
ber 206 in Fig. 7. 

[0115] In Fig. 8, the steps to crystallizing the silicon 
film in the second annealing section 205 by laser ©iro- 
nealing are the same as the steps In the unit shown £ro 
Fig. 7. The crystallized silicon film is transferred onto ©to 
spin coater 102 to apply a polysilazarte or inorganic 
SOG film. The coating film is modified into an insuteteg 
film In the annealing section 1(5®. 
[01 163 The spin coater 203 and th© first and seooss^) 
annealing sections 204 and 203 are under reduced 
pressure of an inert gas atmosphere as En Rg. 7. TDto 
spin coater 1 02 for the insulating film and the anneaEstg 
section 103 are under ordinary pressura in Rg. H, 
whereas those in Fig. 8 ar© under reduced pressuTOO? 
an inert gas atmosphero. These chambers ar© evesi> 
ated by the ventilating system 103. 
[01 17J The silicon film formed by th© unit shown InlRg. 
8 is not exposed to open air, since the insulating film to 
formed on the silicon film in the inert atmosphere. Tto 
interface between the silicon film and the insulating fibra 
is therefore controlled to determine characteristics cffSfito 
TFT element, resulting in improvement in the characC^ 
istics of the TFT element and uniformity of these cfco 
acterisfej. 

[01 1 8J In Fig. 8 the Insulating film on the silicon fitoto 
formed after crystallization of the silicon film, however, 
the insulating film may be formed after the first anneaEtsg 
step of the silicon film and the silicon film may be cr^> 
tallized after annealing of the insulating film. Also, in to 
case, the silicon film provided with the insulating capfny- 
er is crystallized by laser annealing as In Feg. 8. Steo 
the insulating film decreases the reflectance of the c£3- 
con surface, laser energy is effectively absorbed tn €to 
silicon film. The silicon film has a smooth surface ate? 
the laser annea&tg, 

(Method for Diffusing Impurity into Silicon Coating JFGro) 

[01 193 Although an 'impurity may be diffused intoa cfk 
icon film using a conventional ton implanting systejra.-Q 
is preferable that an insulating layer containing an fcvs- 
purity be applied onto the silicon layer and then tfrafe- 
purity be diffused into the underlying silicon fEsa. 
[01 20J The insulating layer containing th© impuj&y 
may be formed by the unit shown En Hg. 2- In this ct>» 
bodiment, an SOG film containing phosphorus glsco <37 
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boron glass is applied as a coating film containing an 
impurity. When forming an N-type high-impurity region, 
the SOG film as a coating film containing an impurity is 
formed using a solution composed of a siloxane polymer 
and an ethanol or ethyl acetate solvent (Si content: sev- 5 
eral wt%), and containing several hundred ug of P2O5 
per 100 ml of solution. In this case, the coating solution 
is stored in the solution storage section 1 05 in Fig. 2 and 
applied onto the substrate by the spin coater 102. The 
substrate on the spin coater 1 02 is rotated at several *0 
thousand rpm to obtain an SOG film with a thickness of 
several thousand angstroms. The coating film contain- 
ing the impurity is annealed at 300 to 500 °C in the first 
annealing section 1 03A to form a phosphorus glass film 
containing several mol percent of P 2 O s . The TFT sub- 
strate provided with the phosphorus glass film is an- 
nealed in the second annealing section 103 at a high 
temperature for a short time by laser annealing, such 
that the impurity in the SOG film is diffused into the un- 
derlying silicon film and a high impurity region is formed 20 
in the silicon film. The TFT substrate is stored into a cas- 
sette by the unloader 104. 

[0121] In the formation of the source and drain re- 
gions, both the coating step and the annealing step at 
a high temperature for a short time can be completed 
within one minute, resulting in high productivity. Al- 
though the annealing step requires several tens of min- 
utes, the tact time can be reduced by optimizing the 
length and structure of the annealing oven. 
[0122] Figs. 10 and 11 are cross-sectional views of 30 
TFTs provided with the coating film containing the impu- 
rity. Fig. 10 shows a coplanar-type TFT corresponding 
to that in Fig. 3, in which an insulating underiayer 12 Is 
formed on a glass substrate 14, and a silicon layer 14 
is pattern-formed thereon. A gate insulating film 16 Is 35 
removed by etching using a gate electrode 18 as a 
mask, a silicon layer Is temporally exposed in regions 
which will be a source and a drain. The coating film 50 
containing the impurity is formed so as to come Into con- 
tact with the source and drain regions 14S and 14D in 40 
the silicon film. Phosphorus contained in the coating fHnu 
50 is diffused into the silicon film by the high-tempera- 
ture, short-time annealing step and N-type source and 
drain regions 14S and 14D having sheet resistances of 
1 Kn/sheet are formed. « 
[0123] As shown in the cross-sectional view of the 
TFT shown Fig. 3, the following steps include forming 
an intertevel insulating film, providing a contact hole, 
forming a pixel electrode and forming source wiring. In 
the formation of the intertevel insulating film, the inters so 
level insulating film may be formed of a coating film after 
the coating film 50 containing the impurity is removed, 
or the intertevel insulating film may be formed on the 
coating film 50 containing the impurity. Since the method 
for forming the intertevel insulating film on the coating & 
film 50 containing the impurity form two insulating lay- 
ers, the occurrence of short-circuits between the source 
line and the gate line in the liquid crystal display device 



is decreased. 

[0124] Fig. 11 shows a reverse stagger-type TFT cor- 
responding to that in Fig. 4, in which an insulating un- 
deriayer 32 is formed on a glass substrate 30, and a 
gate electrode 35 is formed thereon. A silicon layer 33 
is pattern-formed through a gate insulating film. An In- 
sulating film 52 functions as a protective film in the chan- 
nel region and also as a mask to impurity diffusion, and 
is formed of an insulating coating film. 
[0125] An insulating film 54 containing an impurity is 
formed as an insulating coating film in contact with the 
insulating film 52 as the mask and regions of the sificon 
film 33 which will be a source region 33S and a drain 
region 33D. When the insulating film 54 containing the 
impurity is annealed at a high temperature for a short 
time, phosphorus contained In the insulating film is de- 
fused into the silicon film 33 and N-type source and drain 
regions 33S and 33D having sheet resistances of ap- 
proximately 1 Kn/sheet are formed. 
[0126] As shown in the cross-sectional view of the 
TFT shown Fig. 4, after the insulating film 54 containing 
the impurity is removed, a pixel electrode, source wiring, 
a drain electrode and connecting sections are formed In 
that order. 

[0127] In accordance with the present inven tion, the 
source and drain regions in the coplanar-type TFT are 
formed by forming a coating film and the succeeding 
high-temperature, short-time annealing instead of a 
conventional ion implanting or an ion doping, hence a 
TFT can be made using ah inexpensive u nit ha ving • 
high throughput In the reverse stagger-type TFT shown 
in Fig. 4, the source and drain regions are formed by the 
high-temperature, short-time annealing step instead of 
the CVD process, hence e liquid crystal display device 
can be made using an inexpensive unit having a high 
throughput as in the coplanar-type TFT. 

(Method for Forming Conductive Coating FBm) 

[0128] A method for forming 8 conductive coating «m 
by applying a solution containing conductive particle* . 
will now be described. The conductive coating film Is al- 
so made using the unit shown in Fig. 1 or Fig. 2. The 
liquid stored in the solution storage section 105 tn «g. 
1 or Fig. 2 is a suspension of conductive fine partictaa 
made of metal or the like in, for example, an organic ad- 
vent For example, a dispersion of silver particles wit* 
a size of 80 to 1 00 angstroms in en organic solvent, such 
as terpineol or toluene, is discharged onto the substrata 
through the spin coater 102. The substrate is rotated at 
1 ,000 rpm to spin-coat the coating solution on the sub- 
strate. The substrate is annealed at 250 to 300 °C in the 
annealing section in Fig. 1 or the first annealing section 
in Fig. 2 to form a conductive film with a thickness of 
several thousand angstroms. Examples of conductive 
materials include Au, Al. hfi, Co, Cr and ITO, and a con- 
ductive film can be formed of particles of these materials 
using the conductive coating film deposition unit 



12 



23 



EP 11 445 793 



[01 29J Since the resulting conductive film is an aggro- 
gate of fine particles and is very active, the spin coater 
102, the annealing section or the first annealing section 
103A must be in an inert gas atmosphere. 
[0130] The resistance of the conductive coating film 
will be greater by one order of magnitude than the balk 
resistance. In this case, the conductive coating film may 
be further annealed at 300 to 500 ° C in the second an- 
nealing section 103B shown in Fig. 2 to decrease tho 
resistance of the conductive film. At the same time, the 
contact resistance of the source region of the TFT with 
the source line formed of the conductive coating film, 
and the contact resistance of the drain region with the 
pixel electrode formed of the conductive coating film can 
be decreased. Introduction of a high-temperature, short- 
time annealing step by lamp or laser annealing will fur- 
ther decrease the resistance of the conductive coating 
film and the contact resistances. Further, a plurality c? 
layers comprising different metals may be f6rmedta€> 
der to improve reliability. Since Ag is relatively easily ok- 
idized in air, the formation of an Al or Cu layer, which 6s 
barely oxidized in air, on the Ag layer is preferabie. 

(Method for Forming Transparent Electrode) 

[01 3*8 J A method for a transparent electrode using en 
ITO coating film will now be described. The ITO coatbtg 
film may also be formed using the unit shown in Fig. 2. 
The coating solution used in this embodiment containo 
8% of a mixture of an organic indium and an organtet£@ 
in a ratio of 97:3 in xylene (for example, made by AscSd 
Denka Kogyo K.K., trade name; ADEKA ITO coating 
film/ITO- 1 30L). The ratio of the organic indium to tho or- 
ganic tin in the coating solution may be in a range from 
99r1 to 90: 1 0. The coating solution is stored in the so- 
lution storage section 1 05 in Fig. 2. 
[0132J The coating solution is discharged onto ths 
substrate by the spin coater 1 02 and spin-coated by tftQ 
rotation of the substrates. 

[01333 The annealing conditions of the coating film 
were as follows. First, the substrate was annealed in sm 
air or oxygen atmosphere at 250 ° C to 450 ° C for 30 
minutes to 60 minutes in the first annealing section 
shown in Fig. 2. Next, ft was annealed in a hydrogero- 
containing atmosphere at 200 °C to 400 °C for 30*?t!B> 
utes to 60 minutes in the second annealing sectem 
1 03B. As a result, organic components are removed end 
a mixed film (ITO film) composed of indium oxide arafl 
tin oxide is formed. After the above-mentioned anneofr- 
ing steps, the ITO film with a thickness of approximately 
500 angstroms to 2,000 angstroms has a sheet resist- 
ance of 1 0 2 n per sheet to 10 4 n per sheet and a V\gH 
transmittance of 90% or more, and exhibits satisfactory 
characteristics as the pixel electrode. Although tho 
sheet resistance of the ITO film after the first annealing 
step is of the order of 1 0 5 n per sheet to 1 0 6 n per sheet, 
the sheet resistance after the second annealing step do- 
creases to the order off 10 2 n per sheet to 10 4 n, psy 



sheet. 

[0134] Regarding the formation of the ITO coating 
film, the ITO film and the insulating coating film can toa 
formed by an in-line process using the unit shown in IRg. 
s 5 or Fig. 6. The active ITO film surface cart therefore too 
immediately protected with the insulating fcfiL 

(Method for Forming Conductive Lays?) 

10 [01 35J This method includes the formation of a metfcJ 
plating layer on the ITO coating C&va. 
[0136] Fig. 9 is a flow chart off Ni plating on the OTO 
coating film. In Step 1 of Fig. 9, the ITO film is formed 
by the above-mentioned method. In Step 2, the surfacD 

t5 of the ITO coating film is slightly etched to activate t&to 
surface. In Step 3, as pretreatment for Ni plating in Step 
4, a Pd/Sn complex is adhered onto the surface of <ato 
ITO coating film and then Pd is precipitated on the cao*» 

feCD. 

20 [0 1 37]) In the Ni plating of Step 4, Pd precipitated -©a 
the ITO coating film is replaced with Ni to form a NI pfcO- 
ing layer by, for example, an electroless plating proceoa 
The Ni plating layer will become more dense by anncc3- 
ing in Step 4. Finally, fan Step 5, a noble metal platfrcg 

25 layer, for example, an Au plating layer, as an antiox£d£ft3 
layer is formed on the Ni plating layer to form a ccxwfc£> 
tiveteycy. 

[01383 Conductive layers other than the transparent 
electrode can be formed from the ITO coating film b©co 
£9 by forming plating lajcra. 

(Coating Method other than Spin CoatwO 

[0139J Figs. 14 to 16 show Q coating unit whScfo C£> 

35 plies a solution forming © th5n fibro ex Q resist soJuto 
used as a mask in photoresist etching. Bn this embodi- 
ment, a resist is exemplified as the solution to be coafcx°L 
The coating unit can be also applied to the formation <£7 
various coating films other than the resist coating. Dn Rsj. 

40 14, a substrate 302 is fixed by vacuum on a stage S®D. 
The resist is supplied to a dispenser head 304 through 
a feeding pipe 306 from a solution storage section 2W. 
The resist is applied onto the substrate 302 as numer- 
ous dots 303 from a plurality of nozzles 305 provided ©3D 

<J3 the dispenser head 

[01403 Fig- 15 is a detailed cross-sectional view atitizD 
nozzle 305. The nozzle structure tn Fig. 15 is simSerCs> 
that of an ink jet printer, and the resist 6s discharged £y 
vibration of a piezoelectric etemertL The resist reaefceo 

so a cavity section 313 through an inlet section 3HD m& Q 
supply port 312. A vibration plate 315 moves tn cooper 
ation with vibration of a piezoelectric element 3*54 fa 
close contact with the vibration plate 31 5 and the voSuteo 
in the cavity 31 3 decreases or increases. When the 

S3 ume in the cavity 313 decreases, the resist is discharged 
from the nozzle 316, and when the volume in the cat£§/ 
313 increases the resist Is supplied to the cavfty 
from the supply port 3112. As shown b% Peg. 1©. tor cs>' 
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ample, a plurality of nozzles 316 are two-dimensionally 
arranged.the resist is applied onto the entire substrate 
as dots by relative movement of the substrate 302 or tho 
dispenser 304, as shown in Fig. 14. 

[0141J In Fig. 16, the array pitches of the nozzles 316 & 
are several hundred ]im for the transverse pitch P1 and 
several mm for the longitudinal pitch P2. The nozzle 316 
has a bore of several tens of jim to several hundred yum. - 
The volume of the resist discharged in a cycle ranges 
from several tens of ng (I0* 9 g) to several hundreds ng to 
(10* 9 g), the diameter of the discharged droplet ranges 
from several tens of urn to several hundred u.m. The ap- 
plied resist dot has a circular shape of several hundred 
jim immediately after K is discharged from the nozzto 
305. When applying the resist onto the entire substrata, « 
the pitch of the dots 303 is set to several hundred frssm 
and the substrate is rotated at several hundred to sev- 
eral thousand rpm for several seconds to form a coating 
film having a uniform thickness. The thickness of tho 
coating film can be controlled by the bore of the nozzle 20 
316 and pitch of the dots 303, as well as the rotation rate 
and time of the substrata. 

[0142J The resist coating process is an ink jet-type Bq- 
uid coating process and the resist is applied onto tho 
entire substrate as dots. Since the substrate is moved 23 
or rotated so as to apply the resist to nonresist portions 
between dots 303, the resist is effectively used. Thfe 
process is also applicable to the formation of the insu- 
lating film, silicon film and conductive film instead of tho 
coating process, and thus greatly contributes to cost re- 30 
ductions of liquid crystal display deviceo. 
[0143) Since the bore of the nozzle 31 6 can be further 
decreased in the ink jet-type liquid coating, the solution 
can be applied to form a linear pattern with a width c? 
1 0 to 20 jim. Use of this process in the formation of the 33 
silicon film or a conductive film permits direct patterning 
which requires no photolithographic process. When tho 
design rule of the TFT is several tens of urn, a cornW- 
nation of the direct patterning with a coating-type thsn 
film deposition process permits producing liquid crystsS <*> 
display devices without a CVD system, a sputtering syo- 
tern, an ion implanting system, an ion doping system, 
an exposure system and an etching system. In other 
words, liquid crystal display devices can be produced 
by an ink jet-type liquid coating unit in accordance with <W 
the present invention and an annealing unit such as Q 
laser or lamp annealing urtfL 

[01443 in the first embodiment, although a TFT activo 
matrix substrate is exemplified as a thin film device, tho 
technologies in the first embodiment is also applicable so 
to other active matrix substrates, two-terminal and 
three-terminal elements as pixel switching elements 
composed of MIM (metal-insulator-metal) or MIS (matt- 
al-insulator-silicon). For example, the thin film monolith- 
ic structure of an MIM active matrix substrate includes 33 
no semiconductor layer, and consists of a conductivo 
layer and an insulating layer, and the present invention 
are also applicable to such a case. Further, the presertt 



invention is applicable to various display devices other 
than active matrix substrates, for example, an electro- 
luminescence device. In addition, the present invention 
is applicable to thin film devices having various thin fUM 
monolithic structures comprising a conductive layer, C70 
insulating layer and a semiconductor layer, such CO 
semiconductor devices including TFTs and OMDs (c£g- 
ital mirror deviceo). 

[0145] Second to Seventh Embodiments wDI now fco 
described in which the present invention is applied Gs> 
active matrix substrates for liquid crystal display deviceo 
and, in particular, pixel electrodes are formed by con- 
ductive coating tilrrcx 

Second Embodiment! 

[01 46J Fl9- 1 8 is an enlarged partial plan view of pfrcS 
regions formed on an active matrix substrate for a liqi£3 
crystal display device, and Fig. 18 lis a cross-sectotdl 
view taken along section W of 1R0. 19. 
[0147) In Figs. 18 and 19. the active matrto substrata 
400 for the liquid crystal display device is divided into a 
plurality of pixel regions 402 by data lines Sn, Sax>fl — 

and scanning lines Gm, Gr©o1 on an insulating ou&> 

strate 410, and each of the pixel regions 402 is provided 
with a TFT 404. The TFT 404 is provided with a charotcO 
region 417 forming a channel between a source regSaft 
414 and a drain region 413. a gate electrode 413 mp*' 
posing to the channel region 4117 with a gate insula^ 
film 413 formed therebetween, an interlevei insula^) 
film 421 formed on the top face of the gate electrogo 
415, a source electrode 431 electrically connected to too 
source region 414 through a contact hole 421 A formed 
in the inter! evel insulating film 421. and a pixel electrroto 
441 composed of an flTO film which lis electrically csr>> 
nected to the drain electrode 416 through a contact fa£o 
421B formed in the interievel insulating film 421. Tffco 
source electrode 431 is a part o? the data lines 

Sn*1 , and the gate electrode 415 to a part off ©to 

scanning tines Gm, Gfta <■ 1 _ 

[0146| The pixel electrode 441, as weflJ as the scutso 
electrode (data line) 431. is formed on the interlevcJIfcs- 
sulating film 421. The pixel electroda 441 is theretoo 
formed such that the peripheries 441 A and 441 B paraCc3 
to the data lines Sn and Srt->1 Be at positions consider 
ably inside the data lines Sn and Sr*>1 to prevent Oco 
occurrence of short-circuits between these electrctfco. 
[0149J Figs. 20(A) to 20P) and Figs. 21(A) to 2*QC) 
are cross-sectional viewo illustrating manufacturing 
steps of the active matrix substrate tn this erhbodim^L 
[01 50J In the production of such an active matrix 
strate 400, first a general-purpose nonalkaline glasoto 
prepared as the insulating substrate 410, as sho&ft tfi 
Fig. 20(A). After the insulating substrate 410 is cleaned, 
a protective underiayer 411 composed of a silicon ox&o 
film is formed on the insulating substrate 410 by a chesro- 
ical vapor deposition <CVD) process or a physical vagarr 
deposition (PVD) process.^xamples of CVD orocescca 
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Include a low pressure CVD (LPCVD) process and a 
plasma enhanced CVD (PECVD) process. A typical 
PVD process is a sputtering process. The protective un- 
derlayer 11 may be omitted in view of impurities con- 
tained in the insulating substrate 410 and cleanliness 
on the substrate surface. 

[01 51) Next, an intrinsic semiconductor film 406, such 
as a silicon film, which should be an active layer of tfto 
TFT 404, is formed. The semiconductor layer can be al- 
so formed by a CVD or PVD process. The resulting sem- 
iconductor film 406 can be used as an amorphous sifl- 
con semiconductor layer, such as a channel region of 
the TFT. Alternatively, as shown in Fig. 20(B), the sem- 
iconductor film 406 may be irradiated with optical energy 
such as laser light or electromagnetic energy to promote 
crystallizatenL 

[0152) After a resist mask having a given pattern 6s 
formed, the semiconductor film 406 is patterned using 
the resist mask to form insular semiconductor films 412, 
as shown in Fig. 20(C). After forming the semiconductor 
films 412, a gate insulating film 413 is formed by a PVD 
or CVD p rococo. 

[01 53) A thin film as a gate electrode composed of an 
aluminum film or the like is formed by a sputtering proc- 
ess. In general, the gate electrode and gate lead ana 
formed of a common metal material by the same proc- 
ess. After depositing the gate electrode thin film, ad 
shown in Fig. 20(D), gate electrodes 415 are formed by 
patterning. Scanning lines are also formed in this step. 
Impurity ions are introduced into each semiconductor 
film to form a source region 414 and a drain region 416. 
A section not doped with impurity ions functions as Q 
channel region 417. Since the gate electrode 415 func- 
tions as a mask of ion implanting in this method, the TFT 
has a self-alignment structure in which the channel re- 
gion 417 is formed only under the gate electrode 415; 
however, the TFT may be an offset gate structure or an 
LDD structure. Impurity ions may be introduced by an 
ion doping process which implants hydride of the impu- 
rity element and hydrogen using a mass-nonseparation- 
type ion implanting system, or by an Ion implanting o^> 
tern which implants only predetermined impurity ions us- 
ing a ma ss-s eparatiorvtype ion implanting system. Ea- 
amples of material gases used in the ion doping process 
include hydrides of implanted impurities, such as phos- 
phine (PH 3 ) and diborane (B 2 H 6 ) which are diluted in 
hydrogen to a concentration of approximately 0.1SS. 
[0154) Next, as shown in Fig. 21(A) an interievel &*■ 
sulating film 421 composed of a silicon oxide film te 
formed by a CVD or PVD process. After ion implantation 
and forming the interievel insulating film 421, the inter- 
level insulating film 421 is annealed at a temperature 
350 °C or less for several tens of minutes to severed 
hours in a given thermal environment to activate the im- 
planted ions and to bake the interievel insulating film 

(01 55J Next, as shown in Rg. 21(B). contact holes 
421A and 421 B are formed at positions of the interievcJ 



insulating film 421 conesponding to the source regies 
414 and the drain region 416. An aluminum film or tfto 
like is formed by a sputtering process, and patterned feo 
form a source electrode 431. A data line is, also formed 
8 in this staph. " 

[0156J Next, as shown in Fig. 21(C), aWlTO film 40® 
is formed on the entire interievel insulating film 421 toy 
a coating p rococo. 

[0157J Various liquid or paste coating materials cejo 
10 be used in the coating process. Among these coating 
materials, liquid materials are applicable to a dipping m 
spin coating process, paste materials are applicabfQ to 
a screen printing process. The coating material used tro 
the Second Embodiment contains 8% of a mixture of osu 
15 organic indium and an organtc tin fn a ratio of 97:3 fa 
xylene (for example, made by Asa hi Denka Kogyo CCCC. 
trade name: ADEKA ITO coating film/ITO-13CL), ©o tfl 
the First Embodiment, and is spin-coated on the top feco 
of the insulating substrate 410 (on the interievel 1nsu3c3- 
20 ing film 421). The ratio of the organic indium to tho or- 
ganic tin in the coating material! may ba in a range foam . 
99:1 to 90:1©. 

[01583 In the Second Embodiment, the film coated 
the insulating substrate 410 is annealed (baked) affa* 

29 removing the solvent and drying fit. After the film io cn>- 
nealed in an air or oxygen atmosphere at 250 °C to 4@® 
°C for 30 minutes to 60 minutes, ft is reannealed fro o 
hydrogen atmosphere at 200 °C to 400 °C for 30 ct£t&- 
utes to 60 minutes. As a resuft, organic components ©ro 

30 removed and a mixed film (ITO film) of indium oxide and 
tin oxide is formed. After the above-mentioned annex- 
ing steps, the ITO film with a thickness of approximately 
500 angstroms to 2,000 angstroms has a sheet res£33- 
ance of 10 2 O per sheet to 10 4 a par sheet and a %53 

33 transmittance of 90% or more, and exhibits satisfectos; 
characteristics as the pixel electrode 441. Although tfto 
sheet resistance of the ITO film after the first anneaCTt^ 
step is of the order of 1 0 5 O per sheet to 1 0 s H per shcc3, 
the sheet resistance after the second annealing step<2o- 

<o creases to the order of 1C£ Q per sheet to 10° & pc? 
shsd 

[0159]) . After forming the ITO film 408 bi such ® mcJ5» 
ner, the pixel electrode 441 is formed by patterning, go 
shown in Rg. 19, and truss o TFT 404 fa formed tn ©to 

48 pixel region 402. When the TIFT 404 fa driven by cortM 
signals supplied through tho scanning fine Gm, imago 
information for displaying fa input to the liquid crystal ccd 
encapsulated between tha pixel electrode 441 arcd o 
counter electrode <not shown bi the drawings) from fifco 

so data line Sn through tho TFT 4@3. 

[0160]) In the Second Embodtmatf! go deserved 
above, since a liquid coating material is applied onto ©to 
insulating substrate 410 by a coating process, sucfoco 
a spin coating process, which fa suitable tor treatment 

03 of large substrates, to form the ITO film for forming tfto 
pixel electrode 441, the ITO film can be formed by em 
inexpensive system, without using a large film depccS- 
tion system provided with a vacuum unit, such as a egn<3= 
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tering system. 

[0161] In the coating method, the liquid or paste coat- 
ing material fills up the contact hole 421 B as shown en 
Fig. 25(B) when it is applied onto the interieve! insulating 
film 421, the surface shape of the resulting pixel elec- 
trode 441 is barely affected by the unevenness of tho 
layers thereunder. As a result, a flat pixel electrode 441 
(conductive film) with no surface steps can be formed, 
rubbing can be stably achieved, and the occurrence of 
reverse-tilt domains can be prevented. According to tha 
Second Embodiment, the display quality is improved. 
[01 62J In contrast, when the pixel electrode is formed 
with an ITO sputtering film 450 as shown in Fig. 25(A), 
the resulting ITO sputtering film 450 has steps in (re- 
sponse to the steps of the surface thereunder. Such 
steps on the ITO sputtering film 450 result in unstabte 
rubbing and the occurrence of reverse-tilt domains, and 
thus decreases display quality. Further, the ITO sputter- 
ing film is barely formed so as to fill up the entire contact 
hole 421 B, hence an opening is formed there. Such aa 
opening also results in unstable rubbing and the occur- 
rence of reverse-tilt domains. Accordingly, it is useful Co 
form a pixel electrode 441 by an ITO coating film, s© 
shown in Fig. 25(B). 

Third Embodiment! 

[01 63J Fig. 22 is an enlarged partial plan view of pixol 
regions formed on an active matrix substrate for a liquid 
crystal display device, and Fig. 23 is a cross-sectione! 
view taken along section IMP of Fig. 22. 
[0164J In Figs. 22 and 23. differences between tho 
thin film device configuration on the active matrix sub- 
strate 401 for the liquid crystal display device in accord- 
ance with the Third Embodiment and the thin film device 
configuration on the active matrix substrate 400 for thQ 
liquid crystal display device in accordance with the Sec- 
ond Embodiment are as follows. 
[0165]) The Third Embodiment employs a double-lay- 
er-structure interievel insulating film including a lower 
interieve! insulating film 421 formed on a gate electrcaCp 
415 and an upper interievel insulating film 422 formed 
on the lower interievel insulating film 421 . A source elec- 
trode 431 is therefore formed on the lower interievel in- 
sulating film 421 and is electrically connected to a 
source region 414 through a contact hole 421 A in to© 
lower interievel insulating film 4211. 
[0166]] On the other hand, a pixel electrode is formed 
on the upper interievel insulating film 422, and is eteo- 
tricaljy connected to a drain region 416 through a con- 
tact hole 422A in the upper interievel insulating film 422 
and the lower interievel insulating film 421. Since tha 
pixel electrode 441 and the source electrode 431 ar© 
formed on different layers from each other, these elec- 
trodes do not short-circuit each other. 
[01673 In the Third Embodiment, as shown in Fig. 22, 
two peripheral sides 441A and 441B, parallel to data 
lines Sn and Sh+1, respectively, of the pixel electrods 



441 in each pixel region 402 lie above the data lines Sra 
and Sn+1 . Further two peripheral sides 441 C and 441 D. 
parallel to scanning lines Ghn and Gm*1, respectivefiy, 
of the pixel electrode 441 lie above the scanning firtso 

3 Gm and Gm+1. In other words, a part of the pixel elec- 
trode 441 is formed on the data lines Sn and Sn+1 arcd 
the scanning lines Gm and GnK-1. No gap is thereftwo 
formed between the four peripheral sides 441 A to 4410 
and the data lines Sn and Sn<-1 or the scanning lirtso 

io Gm and Gm* 1 in the plan view. As a result, the date) 
lines Sn and Sn+1 and the scanning lines Gm and GmK>H 
function as a black matrix, and high quality display csm 
be achieved without providing additional steps for fonnre- 
ing a black matrix layer. 

is [0168J The manufacturing process of such an active 
matrix substrate 401 also include tha steps shown tfi 
Figs. 20(A) to 20(D) for the Second embodiment. Tfco 
following steps after the steps shown in Figs. 20(A) Ca 
20(D) will be described with reference to Figs. 24(A) CS) 

3© 24(D). 

[0169J As shown in Fig. 24(A), after forming a scwjto 
region 414, a drain region 416, a channel region 
gate region 413 and a gate electrode 41 5, a lower tn&CJ* 
level insulating film 421 composed of a silicon oxide to 

23 is formed by a CVD cr PVD proosco. 

[0170j Next, as shown tn Ffg. 24(B). a contact tatfb 
421 A is formed at a position of tha lower intertevd) ta- 
sulating film 421, corresponding to tho source regtaa 
41 4. An aluminum film is formed by a sputtering prcceco 

so and then is patterned to form a source electrod© 4SU 
and data lines Sn, SotoD <_ 

[0171J Next, as shown in Fig. 24(C), an upper into 
level insulating film 422 composed of a silicon oxide to.' 
is formed on the lower interievel insulating fi&n 42H 
33 a CVD or PVD process. A contact hole 422A Is formed 
at positions of the lower interievel insulating film 421 
the upper interievel insulating film 422, corresponding 
to the drain region 4UQ. 

[01 72J Next, as shown In Fig. 24(D), an ITO film 403 
40 is formed by coating on the entire surface of the ircttcr* 
level insulating film 422. 

[0173] The coating film can fee also formed with ven- 
ous liquid and paste coating materials as In the First Gft£) 
Second Embodiments. Among these coating materiel 

49 liquid materials are applicable to a dipping or sptn cock- 
ing process, and paste materia lo are 8pplicab& Co a 
screen printing process. On tho Third Embodiment, tsto 
resulting ITO coating film 409 is subjected to first 
second annealing processes as described above Co 

09 crease its sheet resistarcso. 

[0174J Then, the ITO film 409 Es patterned to tavfl a 
pixel electrode 441 as shown Cn Fcg. 23. As describe 
with reference to Fig. 22, tn each pixel region 402. ®co 
ITO film 409 is patterned such that the four periphsjeO 

39 sides 441 A to 441D of the pixel electrode 441 tie abrco 
the data lines Sn and Sn-> 1 and the scanning lines SSsa 
and <3rm1 . Since the data lines and the scanning ftrcco 
are generally formed cf a metal fibro. these date Gstoo 
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and scanning lines can be used as a black matrix. As a 
result, high quality display can be achieved without fur- 
ther steps. 

[0175] Further, the pixel region 441 is expanded as 
much as possible so as to overlap with the data lines 5 
and the scanning lines, hence the pixel region 402 has 
a high aperture ratio. The display quality is further im- 
proved thereby. 

[0176J In the Third Embodiment, since the ITO film for 
forming the pixel electrode 441 is formed on the insutaV U> 
ing substrate 4 1 0 by a spin coating process (coating film 
deposition method) which is suitable for treatment of • 
large substrate, using a liquid coating material, the pixel 
electrode has, as shown in Fig. 25(B), a large thickness 
at an indented portion of the lower layer and a smalt 15 
thickness at a protruding portion of the lower layer. As 
a result, unevenness due to the data lines is not reflect- 
ed on the surface of the pixel electrode 441 . The forma- 
tion of a flat pixel electrode 441 without surface steps 
can stabilize rubbing and prevent the occurrence of re- 20 
verse-tilt domains. Such advantages hold on the upper 
layer side of the scanning lines. The present invention 
therefore improves display quality. 
[0177] Further, since a liquid coating material is ap- 
plied onto the insulating substrate 410 by a spin coating 25 
process, the ITO film for forming the pixel electrode 441 
can be formed by an inexpensive film coating system, 
differing from a sputtering process requiring a large film 
deposition system provided with a vacuum unit 
[0178] Additionally, the coating method has excellent 30 
characteristics for covering steps, hence large uneven- 
ness of the contact holes 421A and 422A in the lower 
and upper interlevel insulating films 421 and 422 does 
not affect the surface shape of the pixel electrode 441 . 
(ITO film). Since the two interlevel insulating films, that « 
is, the lower interlevel insulating film 421 and the upper 
interlevel insulating film 422 are formed, a flat pixel elec- 
trode 441 without surface steps can be formed reganf- 
less of large unevenness due to the contact holes 421A 
and 422A. In such a configuration, the pixel electrode +o 
441 is directly connected to the drain region 416 and no 
repeater electrode (via) electrically connected to the 
drain region 416 is formed between the lower interlevel 
insulating film 421 and the upper interlevel insulating 
film 422, resulting in simplified production steps. 
[0179] In the formation of the pixel electrode in the 
Third Embodiment, although a spin coating process is 
employed to form the ITO film using a liquid coating ma- 
terial, the ITO film can be formed by a printing process 
using a paste coating material. Since the paste coating 50 
material can also be applicable to a screen printing proc- 
ess, a paste coating material is applied onto only the 
region forming the pixel electrode 441, followed by dry- 
ing and annealing, and the printed region can be used 
as the pixel electrode 441 without further steps. Since 55 
patterning of the ITO by an etching process is not re- 
quired in this case, the production costs can be drasti- 
cally decreased. 



[01 80] In the Second and Third Embodiments, copta- 
nar-type TFTs are exemplified, in which the surface 
shape of the pixel electrode 441 is greatly affected by 
the contact holes in the interlevel insulating film. When 
the present invention is applied to the formation of a pix- 
el electrode on a lower layer having unevenness in • 
reverse stagger-type TFT, the effect of such uneven- 
ness on the surface shape of the pixel electrode can be 
removed. 

Fourth Embodiment 

[0181] Fig. 26 is a cross-sectional view taken along 
section IMC of Fig. 22. showing a configuration accord- 
ing to the Fourth Embodiment which is different from that 
in Fig. 23. 

[0182] The Fourth Embodiment also employs two In- 
terlevel insulating films 420 composed of a lower inter- 
level insulating film 421 and an upper interlevel insulat- 
ing film 422 deposited on the lower interlevel insulating 
film 421. 

[01 83] The configuration shown in Fig. 26 is different 
from the configuration in Fig. 23 in that the pixel elec- 
trode 441 has a double layer structure consisting of en 
ITO sputtering film 446 (conductive sputtering «m) 
formed on the upper interlevel insulating film 422 by e 
sputtering process and an ITO coating film 447 (conduc- 
tive transparent coating film) formed on the ITO sputter- 
ing film 446. 

[0184] The ITO coating film 447 is therefore electri- 
cally connected to the drain region 416 through the ITO 
sputtering film 446 lying thereunder. Since the ITO sput- 
tering film 446 and the ITO coating film 447 are simul- 
taneous ly pattern-formed as described later, these have 
a common forming region* 

[01 85] Since other portions are the same as those in 
Fig. 23, the same identification numbers are used with- 
out detailed description. 

[0186] The planar layout of the configuration of the 
Fourth Embodiment is the same as that of the Third Em- 
bodiment, shown in Fig. 22, and thus data lines Sn, 
Sn+1 and scanning lines Gm, Gm+1 — function as 
a black matrix. As a result, high quality display can be 
achieved without increasing steps. 
[01 87] In the Third Embodiment, the ITO coating film 
447 in contact with the drain region 416 tends to have 
a higher contact resistance compared to the ITO sput- 
tering film. In the Fourth Embodiment, the ITO coating 
film 447 is electrically connected to the drain region 416 
through the ITO sputtering film 446, and such a config- 
uration does not cause a high contact resistance. 
[0188] A method for making such an active matrix 
substrate 401 win now be described with reference to 
Figs. 27(A) to 27(E) and Tigs. 28(A) to 28(E). Since the 
Figs. 27(A) to 27(E) are the same as Figs. 20(A) to 20 
(D) and Fig. 24(A) for the steps of the Third Embodi- 
ment, respectively, the description is omitted. Also, the 
Figs. 28(B) and 28(C) are the same as Figs. 24<B) end 
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24(C), respectively, for the steps of the Third Embodi- 
ment 

[01 89J Fig. 28(A) shows a resist pattern-forming step 
before the step in Fig. 28(B). In order to form the sourca 
electrode 431 and the source line shown in Fig. 28(B), 3 
an aluminum film 460 is formed by a sputtering process 
in Fig. 28(A). A patterned resist mask 461 is formed on 
the aluminum film 460. The source electrode 431 and 
the data line, as shown in Fig. 28(B), are formed by etch- 
ing the aluminum film 460 using the resist film 461. 10 
[0190J Next, as shown in Fig. 28(C), the upper inter- 
level insulating film 422 composed of a silicon oxide film 
is deposited on the lower interlevel insulating film 421 
by a CVD or PVD process. After ion implantation and 
forming the interlevel insulating films, the substrate is *S 
annealed in a given thermal environment at 350 °C cr 
less for several tens of minutes to several hours to ac- 
tivate the implanted ions and to bake the interlevel fa> 
sulating film 420 (the lower interlevel insulating film 421 
and the upper interlevel insulating film 422). A contact SO 
hole 422A is formed at positions, corresponding to tho 
drain region 416, in the lower interlevel insulating film 
421 and the upper interlevel insulating film 422. 
[01 91J Next, as shown in Fig. 28(D), an ITO sputtering 
film 446 (conductive sputtering film) is formed on the en- 2S 
tire interlevel insulating film 420 composed of the low®? 
interlevel insulating film 421 and the upper interlevel b$- 
sulating film 422 by a sputtering process. 
[0192J Next, as shown in Fig. 28(E), an ITO coating 
film 447 (conductive transparent coating film) is formed 
on the ITO sputtering film 443. 

[0193J The ITO coating film 447 can be formed under 
the same process conditions as in the First to Third Em- 
bodiments. The liquid or paste coating film applied on 
the top face in the Fourth Embodiment is annealed en 39 
an annealing chamber after the solvent is removed by 
drying. The coating film is annealed or fired at a temper- 
ature of 250 to 500 °C and preferably 250 °C to 400 °C 
for 30 minutes to 60 minutes in air or an oxygen-con- 
taining or nonreducing atmosphere, and then annealed *o 
at a temperature of 200 °C or more and preferably 200 
°C to 350 °C for 30 minutes to 60 minutes in a hydrogen- 
containing atmosphere. The temperature of the second 
annealing step is set to be lower than that of the firsfc 
annealing step to prevent thermal degradation of th© *s 
coating film stabilized in the first annealing step. By sucfo 
annealing steps, organic components are removed, and 
the coating film is converted to a mixed film (ITO coafcrg 
film 447) of indium oxide and tin oxide. As a result, tfco 
ITO coating film 447 with a thickness of approximately so 
500 angstroms to 2,000 angstroms has a sheet resist- 
ance of 10* O per sheet to 10 4 £5 per sheet and a ligft& 
transmittance of 90% or more, and this and the ITO sput- 
tering film 446 can form a pixel electrode 441 exhibiting 
satisfactory characteristics. 65 
[0194J Next, the insulating substrate 410 is main- 
tained in the nonreductive atmosphere used in the sec- 
ond annealing. step or a nonoxidative atmosphere such 



as a gaseous nitrogen atmosphere until the substrate 
temperature decreases to 200 °C or less, and taken cart 
to open air from the annealing chamber when the sub- 
strate temperature reaches 200 °C or less. When tho 
insulating substrate 41 0 is exposed to open air after tto 
temperature reached 200 °C or less, the coating IKn* 
having a decreased resistance by the thermal reducttoa 
during the second annealing step is prevented from fiO- 
oxidation and thus the ITO coating film 447 has a tas; 
sheet resistance. It is more preferable that the temper- 
ature when the insulating substrate 4 1 0 is taken out frcm 
the annealing chamber to open air be 100 °C or less 
order to prevent reoxidation of the ITO coating film 447. 
Since the specific resistance of the ITO coating film 447 
decreases as oxygen defects in the film increase, recax- 
idation of the ITO coating film 447 due to oxygen En <±r 
increases the specific resistances 
[0195]) After forming the ITO sputtering film 446 en3 
the ITO coating film 447 tn such a manner, a resist Cbua 
462 is formed, and these films ana collectively patterned 
with an etching solution, such as ecus regis or a KSr 
solution, or by dry etching using Cfy or the like totovS) 
the pixel electrode 441 as shown fn "Fig. 2a A TFTt3 
thereby formed in each pixel electrode 402. When cfefo* 
ing the TFT in response Co Q control signal supp£c£l 
through the scanning line Gm, image information is IrzpsZ 
into the liquid crystal encapsulated between th© ptoJ 
electrode 441 and the counter electrode (not shown to 
the drawing) from the data line Sn through tho TFT C© 
display a given imagp. 

[01 96J In this embodiment, the iTO coating film 44?fc> 
used to form the pixel electrode 441 . Since the film dC3>> 
osition by coating exhibits excellent characteristicB Car' 
covering the steps, a liquid or paste coating materisJ Cs> 
form the ITO coating film 447 can satisfactorily compen- 
sate unevenness on the surfaos of the ITO sputter^ 
film 446 caused by th® contact note 422. Further. Cteo 
coating material is coated such that the ITO coating iKaa 
447 has a large thickness at an indented portion and p 
small thickness at a protruded portion. Unevenness «to 
to the data line 431 does not therefore replicate th3 co- 
face of the pixel electrode 4411. Tho same relations^ 
holds in the upper layer of th® scanning lino 418. Ac- 
cordingly, a pixel electrode 441 having a flat surfcso 
without steps can be formed, resulting En stable rubbisg 
and prevention of tha occurrencQ of reverse-tB& <&D> 
mains. The present invention therefore improves tms£p 
quaC^L 

[0197]) In contrast, when forming th® ptaeH electrorfb 
by only an ITO sputtering film 446 as shown friflig. 
the ITO sputtering film 446 is replicated by the steps @S) 
the surface on which th® HTO sputtering film 44Q £3 
formed, the steps formed on th® surfac® of th® (TO 
sputtering film 446 cause unstable rubbing and th® (Re- 
currence of reverse-tilt domains, and thus deterk>rc£D 
display quality. Further, it is difficult to form the ITO spa> 
tering film 446 so as to fill th® entire contact hoSa 42SA, 
hence an opening is inevitably formed. Such enopart^ 
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also causes unstable rubbing and the occurrence of re- 
verse-tilt domains. The formation of the ITO coating film 
447 therefore be useful. 

[0198] As shown in the Fourth Embodiment, when the 
interievel insulating film 420 has a double layer structure 
for the purpose of forming the pixel electrode 441 and 
the source electrode 431 on different interlay ers, the as- 
pect ratio of the contact hole 422A increases; however, 
the ITO coating film 447 can form a flat pixel electrode 
441 regardless of th&. 

[0199J The ITO sputtering film 446 has a trend of poor 
adhesion to a resist mask compared to the ITO coating 
film 447; however, the resist mask 462 is formed oh tho 
ITO coating film 447 in this embodiment, and accuracy 
of patterning is not deteriorated. A pixel electrode 441 
having a high definition pattern can therefore be formed. 

Fifth Embodiment! 

[0200]) Fig. 29 is an enlarged plan view of a part of a 
pixel region formed on an active matrix substrate for m 
liquid crystal display in accordance with the present In- 
vention, and Fig. 30 is a cross-sectional view taken 
along section Ill-Ill' of Fig. 29. In the Fifth Embodiment, 
parts having the same function as in the Fourth Embod- 
iment are refened to with the same identification num- 
bers, and a detailed description thereof with reference 
to drawings has been omitted. In Fig. 29, the active ma- 
trix substrate 401 for a liquid crystal display in accord- 
ance with the Fifth Embodiment is also provided with a 
plurality of pixel electrode regions 402 formed by data 
lines 431 and scanning lines 415 on an insulating sub- 
strate 410, and a TFT is formed on each of the pixefl 
electrode regions 402. 

[020*33 planar layout in the Fifth Embodiment oth- 
er than the ITO sputtering film is identical to the conC©- 
uration shown in Fig. 22 for illustrating the Third and 
Fourth Embodiments, hence data lines Sn, Sn»1 
and scanning fines Gm, Gm+t function as a blacft 
matrix. High quality image display therefore can be 
achieved without additional stepo. 
[0202]] Since in the Fifth Embodiment an ITO sputter 
ing film 456 and an ITO coating film 457 are separately 
patterned as described below in contrast to the Fourtfi 
Embodiment, their regional areas, are different from 
each other, that is, the regional area of the ITO coating 
film 457 is larger than the regional area of the ITO sput- 
tering film 433. 

[0203J When forming the ITO coating film and the ITO 
sputtering film on a common region as in the Fourth Em- 
bodiment, these two ITO films can be simultaneous*? 
patterned. The resist mask is formed only on the ITO 
coating film having excellent adhesiveness to the resist 
mask, and is not formed on the ITO sputtering film hav- 
ing poor adhesiveness to the resist mask. High definition 
patterning can therefore be achieved. 
[0204]) In contrast, in the Fifth Embodiment, a reefca 
mask must be formed also on the surface of tho BTO 



sputtering film. When the regional area of the ITO cosft- 
ing film is larger than the regional area of the ITO sput- 
tering film, the accuracy of patterning of the ITO coating 
film having excellent adhesiveness to the/resist masJj 
6 determine a final pattern; hence high definition pattern- 
ing can be achieved even if the ITO sputtering film hao 
poor adhesiveness to the resist maoCL 
[0205] The steps shown in Figs. 31(A) to 31<C) for a 
manufacturing method of such an active matrix sub- 
to strate is similar to Figs. 27(A) to 27(E) for the Fourth 
Embodiment Thus, only the steps shown in Figs. 31(D) 
to 31 (F) will now be described. 

[0206J in Fig. 31 (C), an upper interievel insulating fibra 
422 composed of a silicon oxide film is formed on a lower 
15 interievel insulating film 421 and then 8 contact hc5o 
422A is formed. 

[0207] Next, as shown in Fcg. 31 (D), an ITO film 453 
(conductive sputtering film) is formed by a sputteriflrg 
process on the entire surface of the interievel insulates 

20 film 420 composed of the tower interievel insulating ®£m 
421 and the upper interievel insulating film 422. Theco 
steps is also identical to the Fourth EmbodimsSuL 
: [0208]) In the Fifth Embodiment, however, only the OTO 
sputtering film 456 is patterned with an etching solutto^ 

25 such as aqua regia or a HBr solution, or by dry etching 
using CH 4 or the like. After forming the ITO sputterbtg 
film 456. a resist mask 464 is formed as shown IFSg. SD 
(D) and is patterned. The ITO sputtering film 453 to 
etched using the resist mask 464 such that the ITO spart- 

30 tering film 456 remains in a region which Is narrower 
than the region of a pixel electrode 441 to be formed 
An ITO coating film (conductive transparent coating ftftna} 
is formed on the top face of the ITO sputtering film 
The coating materials described bi the above-mcfi- 

33 tioned Embodiments can be used for forming tftQ OTO 
coating film 4§F. 

[0209J After forming the ITO coating film 457 fcn ©££ft 
a manner, a resist mask 462 is formed as shown In 
31 (F) and is patterned with an etching solution, sucto co 
40 aqua regia or a HBr solution, or by dry etching us&tg 
CH 4 or the like to form a pixel electrode 441 as sfttRsa 
feiRg.S& 

[02103 The configuration bi the Fifth Embodiment fcco 
similar advantages to that in the Fourth Embodiment! Ca 

<5 particular, although the ITO coating film 457 fai confer 
with a drain region has a higher contact resistance tttaa 
the ITO sputtering film, the ITO coating film 457 tn Ceo 
Fifth Embodiment is electrically connected to the 
region 41 6 through the ITO sputtering film 456 to carad) 

so such a high contact resistance. Since the ITO sputter^ 
film can be thin, it can ba etched wfihJn a short time ttC2n> 
out preventing patterning, regardless of poor adhesfoo 
ness to the resist mask 464. Since the ITO coating (Esa 
457 having high accuracy for patterning determines Cfoc3 

55 accuracy of the pixel electrode 40 for patterning, tegft 
accuracy patterning can be achieved. 
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Sixth Embodiment 

[0211] Fig. 32 is an enlarged plan view of a part of a 
pixel region formed on an active matrix substrate for a 
liquid crystal display in accordance with the present in- 9 
vention, and Fig. 33 is a cross-sectional view taken 
along section IV-IV of Fig. 32. 

[0212] The arrangement in the Sixth Embodiment is 
characterized in that a pixel electrode 441 is composed 
of an ITO coating film (conductive transparent coating 10 
film) 468 formed by coating on an upper interievel insu- 
lating film 422, and the ITO coating film 468 is electrically 
connected to a repeater electrode 466 composed of an 
aluminum film formed on a lower interievel insulating 
film 421 by a sputtering process through a contact hole 
422A in the upper interievel insulating film 422. The re- 
peater electrode 466 Is electrically connected to a drain 
region 416 through a contact hole 421 B in the lower In- 
terievel insulating film 421. As a result, the pixel elec- 
trode 441 is electrically connected to the drain electrode 20 
416 through the repeater electrode 466 lying thereun- 
der. 

[0213] Since the repeater electrode 466 composed of 
an aluminum film does not have light transmitting char- 
acteristics, the region for forming it is limited to the into- *5 
rior and periphery of the contact hole 421 so as not to 
decrease the aperture ratio. 

[0214] The steps shown in Figs. 27(A) to 27(E) for the 
Fourth Embodiment can be employed for the manufac- 
turing method of such an active matrix substrate 401. *> 
The succeeding steps after the step in Fig. 27(E) w» 
now be described with reference to Figs, 34(A) to 34(D). 
[0215] As shown Fig. 34(A), after contact holes 421A 
and 421 B are formed at positions corresponding to a 
source region 414 and a drain region 416, respectively, 35 
in the lower interievel insulating film 421, an aluminum 
film 460 (conductive sputtering film or metal film) is 
formed by sputtering to form a source electrode 431 and 
data lines. Next, a resist mask 470 is formed and the 
aluminum film 460 is patterned using the resist mask 
470. As a result, as shown in Fig. 34(B), the source elec- 
trode 431, the data fines and the repeater electrode 468 
are simultaneously formed. 

[0216] Next, as shown in Fig. 34(C), an upper inter- 
level insulating film 422 of a silicon oxide film is formed 45 
on the surface of the lower interievel insulating film 421 
by a CVD or PVD process. A contact hole 422A is 
formed at a position corresponding to the repeater elec- 
trode 466 (a position corresponding to the drain region 
41 6).in the upper interievel insulating film 422. » 
[0217] Next, as shown in Fig. 34(D), an ITO coating 
film 468 (conductive transparent coating film) is formed 
* on the entire interievel insulating film 420 consisting of 
the lower interievel insulating film 421 and the uppertn- 
terlevel insulating film 422. 55 
[0218] The coating material described in the above- 
mentioned embodiments can be used for forming the 
ITO coating film 468. 



[0219] After forming the ITO film 468 in such a man- 
ner, a resist mask 462 is formed and patterned to form 
a pixel electrode 441 as shown in Fig. 33. 
[0220] As shown in Fig. 32, data fines Sn. Sn*1 — 
and scanning lines Gm, Gm+1 — function as a black 
matrix. Further, the aperture ratio of the pixel region 402 
can be increased and a pixel electrode 441 having a fiat 
surface without steps can be formed, hence rubbing 1a 
stabilized and the occurrence of reverse-tilt domains 
can be prevented. 

[0221] Although the pixel electrode 441 composed of 
the ITO coating film 468 has a higher contact resistance 
with the drain region 416 (silicon film) than the ITO sput- 
tering film, the ITO coating film 468 in the Sixth Embod- 
iment is electrically connected to the drain region 416 
through the repeater electrode 466 composed of the alu- 
minum film formed by sputtering to cancel such a high 
contact resistance. 

[0222] Although aluminum is used for the repeater 
electrode 466 in this embodiment, use of a dual layer 
film composed of aluminum and a high melting point 
metal can further decreases the contact resistance wtth 
the ITO coating film 468. The high boiling point metal, 
such as tungsten or molybdenum, is barely oxidized 
compared to aluminum, when It comes into contact with 
the ITO coating film 468 containing a larga amount of 
oxygen. The contact resistance between the repealer 
electrode 4 66 and the ITO coating film 468 can therefor* 
be reduced. 

Seventh Embodiment 

[0223] Fig. 35 is an enlarged plan view of a part of a 
pixel region formed on an active matrix substrate for a 
liquid crystal display in accordance with the present In- 
vention, and Rg. 36 is a cross-sectional view taken 
along section V-V of fig. 35. 

[0224] The Seventh Embodiment include a modified 
configuration of Second embodiment shown In fig. 18 
and Rg. 19, in which a repeater electrode 480 achieve* 
electrical connection between an fTO coating film 441 
and a drain region 416. 

[0225] In Fig. 35, an active matrix substrate 401 in ac- 
cordance with the Seventh Embodiment is also provided 
with a plurality of pixel regions 402 formed by data fines 
431 and scanning lines 416 on sn insulating substrata 
410, and each of the pixel regions 402 is provided wtth 
a TFT (a nonlinear element for pixel switching), in only 
planarization of the pixel electrode and reduction of the 
contact resistance are intended, the following configu- 
ration is available. 

[0226] As shown in "Rg. 36. in the Seventh EmbocS- 
ment, an interievel insulating film 421 is composed of 
one silicon oxide layer. 

[0227] THe pixel electrode 441 composed of the ITO 
coating film is formed on the top face of the repeater 
electrode 480 composed of an aluminum film {conduc- 
tive sputtering film or metal film) which is formed on the 
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interlevel insulating film 421 by a sputtering process. 
The pixel electrode 441 is therefore electrically connect- 
ed to the drain region 41 6 through the repeater electrode 
480. Since the repeater electrode 480 composed of an 
aluminum film does not have light transmitting charac- 
teristics, the region for forming it is limited to the interior 
and periphery of the contact hole 421 B. 
[0228J Since the pixel electrode 441 and the source 
electrode 431 are formed between two common layers 
in the Seventh Embodiment, such that these two elec- 
trodes are not short-circuited (refer to Fig. 35 and Fig. 
33). 

[0229J Such an active matrix substrate 401 is manu- 
factured according to the steps shown in Figs. 27(A) to 
27(B) for the Fourth Embodiment The succeeding steps 
after Fig. 27(E) will now be described with reference to 
Figs. 37(A) to 37(C). 

[0230J As shown in Fig. 37(A), contact holes 421A 
and 421 B are formed at positions corresponding too 
source region 414 and a drain region 416, respectively, 
in the interlevel insulating film 421 . After forming by sput- 
tering an aluminum film 460 for forming the source elec- 
trode 431 and data fines, a resist mask 470 is formed. 
Next, the aluminum film 460 is patterned using the resist 
mask 470 to form the source electrode 431, the date 
lines and the repeater electrode 480 as shown in Fig. 
37<©J. 

[0231J Next, as shown in Fig. 37(C), an ITO coating 
film 482 (conductive transparent electrode) is formed on 
the entire top face of the interlevel insulating film 421. 
The coating films used in the above-mentioned embod- 
iments can be used for forming the ITO coating film 482. 
[0232J After forming the ITO coating film 482 in such 
a manner, a resist mask 484 is formed and the ITO film 
482 is patterned using the resist mask 484 to form a pixel 
electrode 441 as shown in Fig. 3Si 
[02333 Accordingly, a pixel electrode 441 having a flsH 
^surface without steps can be formed, resulting in stabte 
rubbing and prevention of the occurrence of a reverso- 
tflt domain. Further, an increase in the contact resist- 
ance between the pixel electrode composed of the ITO 
coating film formed by a coating process and the drain 
region 416 can be prevented. 

[02343 The present invention is not limited the above- 
mentioned embodiment and can include various modi- 
fications within the scope of the gist of the present b> 
venteo. 

[02333 For instance, in the Sixth and Seventh Embod- 
iments, the repeater electrodes 466 and 480, the sourca 
electrode 431 and the data lines are simultaneously 
formed of the common metal film (aluminum film), {in- 
stead, when the interlevel insulating film 420 incfudsoQ 
lower interlevel insulating film 421 and an upper inter* 
level insulating film 422, both the pixel electrode 441 
composed of the ITO film by a coating process and the 
repeater electrode 486 composed of a conductive sput- 
tering film may be formed on the upper insulating fiton 
422. Such a configuration can extend the region forming 



. the pixel electrode 441, differing from the Sixth Embod- 
iment, and thus data lines and scanning lines function) 
as a black matrix. Since the repeating electrode 463 
(conductive sputtering film) and the source electrcdo 

9 431 are formed by different steps, the material for tfco 
repeating electrode 486 may be the same as or differ©^ 
from the material for the source electrode 431. 
[0236J In both the Sixth and Seventh Embodiment, 
although planar-type TFTs are described in which tfito 

10 contact holes in the interlevel insulating films greatly 
feet the surface shapes of the pixel electrodes, tfco 
present invention can also be applied to a reverse stegh 
ger-type TFT. When the pixel electrode is forced to to 
formed on an uneven surface, the surface of the pfcacS 

is electrode formed of a conductive transparent coating 
film by a coating process as in the present invention 
not affected by such unevenrtscs. 
[02373 For example, an ITO coating film is used as&to 
pixel electrode 441 in a reverse stagger-type TFT sftczsa 

20 in Fig. 38(B) for the purpose of planarization of the c&> 
face of the pixel electrode 441. In the TFT shown Cn 
38(B) t a protective underiayer411, a gate electrode CW 0 
a gate insulating film 41 3, an intrinsic amorphous sBtea 
film forming a channel region 417 and an insulating CEsa 

S3 490 for protecting the channel are deposited En tftca e> 
der on an insulating substrate 410. Source and drain) £> 
gions 414 and 416 composed of a high concentrated 
N-type amorphous silicon film are formed on both s&co 
of the insulating film 490 for protecting the chanrtefl, crta) 

so a source electrode 431 and a repeater electrode 4£2 
composed of a sputtering film such as chromiiByD, 
minum or titanium are formed on the source and drc±ra 
regions 414 and 416. Further, an interieve! insulat^g 
film 494 and a pixel electrode 441 are formed thereat. 

33 since the pixel electrode 331 & composed cd an UTO 
coating film.it has a flat surface. The pixel electrcd©4<K] 
is electrically connected to the repeater electrode 
through a contact hole in the interlevel insulating &m 
441. Since the pixel electrode 441 is electrically <PEn> 

40 nected to the drain region 416 through the repeater e£c@- 
trode 496 composed of the sputtering fi&ra. <a htgto <5Ej> 
tact resistance between the pixel electrode 441 com- 
posed of the ITO coating film and the drain region 4tt3 
(silicon film) can be solved. Since the pixel electrodo44t] 

43 and the source electrode 431 are arranged between £3> 
ferent layers, these electrode does not short-cfcnaCS. 
As a result, the pixel electrode 441 can be formed tft a 
wide range so as to cover the data ISnes and the gcctd- 
ning lines (not shown tn the drawing}, hence the <fiotJ 

so lines and the scanning lines functions as a black motffei 
and the aperture ratio of the pixs3 regcen cecro to t> 
creasc& 

[0238]) Although the ITO coating film for forming to 
pixel electrode is deposited with a liquid coating matsredl 
53 by a spin coating process, the ITO coating film may to 
deposited using a paste coating material by a prin&tg 
process. Further use of the paste coating material czto 
bles a screen printing process, in which the paste csc&» 
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ing material is printed only on the region to form the pixel 
electrode followed by drying and annealing, and the re- 
sulting film can be used as the pixel electrode. Since 
this case does not require patterning of the ITO film, the 
production costs can be drastically reduced. * 
[0239] Although only the pixel electrode is formed of 
a coating film in the Second to Seventh Embodiments, 
any one of an insulating layer, a conductive layer and m 
semiconductive layer, as well as the pixel electrode, can 
be, of course, formed of a coating film, as described in to 
the First Embodiment 

Eighth Embodiment 

[0240] An electronic device formed of a liquid crystal t* 
display device in accordance with any of the above- 
mentioned embodiments include, as shown in Fig. 40. 
a display information source 1000, a display information 
processing circuit 1 002, a display driving circuit 1 004, a 
display panel 1 006 such as a liquid crystal panel, a clock 20 
generating circuit 1008 and an electric power circuit 
1010. the information display source 1000 includes 
memories such as ROM and RAM, and a tuning circuit 
for tuning and outputting the television signals, and out- 
puts display information such as video signals based on 25 
clock from the clock generating circuit 1 008. The display 
information processing circuit 1 002 processes and out- 
put the display information based on the clock from the 
clock generating circuit The display information 
processing circuit 1 002 may include, for example, an 30 
amplification and polarity inversion circuit, a circuit with 
parallel data input, a rotation circuit, a gamma correction 
circuit and a clamping circuit The display driving circuit 
1004 includes a scanning line driving circuit and a data 
line driving circuit and drives to display the liquid crystal 35 
panel 1006. The electric power circuit 1010 supplies 
electric power to the above-mentioned circuits. 
[0241] Examples of electronic devices such a config- 
uration include liquid crystal projectors as shown in Fig. 
41 , personal computers (PCs), as shown in Fig. 42, and *0 
engineering work stations (EWSs) responding to multi- 
media, pagers as shown in Fig. 43 and portable phones, 
word processors, televisions, view finder-type and mon- 
itor-type video tape recorders, electronic notebooks, 
electronic desktop calculators, car navigation systems. 43 
POS terminals, and apparatuses provided with touch 
panels. 

[0242] The liquid crystal projector shown in Fig. 41 is 
a projection type-projector using a transparent liquid 
crystal panel as a light varve and includes, for example, so 
a three-plate prism-type optical system. 
[0243] In the projector 11 00 shown in Fig. 41 , projec- 
tion light emerging from a lamp unit 1102 provided wflh 
a white light source is divided into three primary colors, 
R, G and B by a plurality of mirrors 1106 and two dichroic « 
mirrors 11 08 in a light guide 1104. and the three primary 
colors are introduced to three color liquid crystal panels 
1110R, 1110G and 1110B for displaying their respective 



colors. The light beams modulated by the liquid crystal 
panels 111 OR, 111 0G and 1110B are incident on a dich- 
roic prism 1112 from three direction. In the dichroic prism 
1112, since the red R and blue B light beams are reflect- 
ed by 90E whereas the green G light beam travels 
straight, images of these colors are combined and thus 
a color image is projected on a screen or the like through 
a projection lens. 

[0244J The personal computer 1200 shown in Fig. 42 
includes a main body 1204 provided with a key board 
1202 and a liquid crystal display screen 1208. 
[0245] The pager 1300 shown in Fig. 43 includes • 
liquid crystal display board 1304, a light guide 1306 pro- 
vided with a back light 1306a, a circuit board 1308. • 
first shield plate 1310 and a second shield plate 1312. 
two elastic conductors 1314 and 1316 and a film carrier 
tape 1318, which are provided in a metallic frame 1302. 
The two elastic conductors 1314 and 1316 and the fiten 
carrier tape 1318 are provided for connecting the liquid 
crystal display board 1304 to the circuit board 1308. 
[0246] The liquid crystal display board 1304 Is com- 
posed of a liquid crystal encapsulated between two 
transparent substrate 1304a and 1304b and forms art 
least a dot-matrix liquid crystal panel. One of the trans- 
parent substrate may be provided with a driving circutt 
1004 shown in Fig. 40, and additionally, a display infor- 
mation processing circuit 1002. Circuits not mounted In 
the liquid crystal display board 1304 can be mounted In 
a circuit board 1 308 shown in Fig. 43 as an external cir- 
cuit of the liquid crystal display board. 
[0247] The pager configuration shown in Fig. 43 far- 
ther requires a circuit board 1308. as well as the liquid 
crystal display board 1 304. and when a liquid crystal dis- 
play device is used as one unit in an electronic device 
and when a display driving circuit is mounted onto a 
transparent board, the minimumrunit of the liquid crystal 
display device is the liquid crystal display board 1304. 
Alternatively, the liquid crystal display board 1305 fixed 
into the meta Hie frame 1 302 can be used as a liquid crys- 
tal display device which is a part of an electronic device. 
Further a back-light-type liquid crystal display device) 
can be formed by assembling the liquid crystal display 
board 1304, a light guide 1306 provided with a back light 
1306a into the metallic frame 1302. Instead, as shown 
in Fig. 44. a tape carrier package (TCP) 1320, in which 
an IC chip 1 324 is packaged onto a polyimide tape 1 322 
provided with a meta I Be conductive film, may be con- 
nected to one of the two transparent substrate 1304a 
and 1304b of the liquid crystal display board 1304 to to 
used as a liquid crystal display device as a part of the) 
electronic device. 



Claims 

1. A method for making a thin film device, comprising: 
preparing a head provided with a nozzle and a pie- 
zoelectric element, and discharging a solution ee- 
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lectively onto a region on a substrate from the noz- 
zle in the head while relatively changing positions 
of the substrate and the nozzle. 

2. The method of claim 1 t further comprising using the * 
head provided with a plurality of nozzles, and con- 
trolling fre plurality of nozzles independently 

charge the solution. 

3. The method of claim 2, further comprising arranging 
the plurality of nozzles two-dimensionalry and con- 
trolling the discharge of the solution so that the so- 
lution is applied onto the entire substrate as dote. 

4. A method of forming a thin film transistor comprfs- fS 
ing: forming a gate electrode above a substrate; 
forming a gate insulator over said gate electrode; 
forming a semiconducting layer on said insulator by 
discharging a composition for said semiconducting 
layer onto said insulator from a nozzle In a head pro- » 
vided with a piezoelectric element; and forming 
source and drain contacts on sakJ semiconducting 
layer. 

5. A method for fabricating an electronic device, com- » 
prising: ma king a thin film device further comprising: 
preparing a head provided with a nozzle and a pie- 
zoelectric element; and discharging a solution se- 
lectively onto a region on a substrate from the noz- 
zle in the head while relatively changing positions » 
of the substrate and the nozzle; and assembling the 
electronic device by using the thin film device. 

6. A method for fabricating an electronic device, com- 
prising: forming a thin film transistor further com- 
prising: forming a gate electrode above a substrate; 
forming a gate insulator over said gate electrode; 
forming a semiconducting layer on said insulator by 
discharging a composition for said semiconducting 
layer onto said insulator from a nozzle in a head pro- 
vided with a piezoelectric element; and forming 
source and drain contacts on said semiconducting 
layer; and a step of assembling the electronic de- 
vice by using the thin film transMoc 

7. A method for fabricating an electronic device, com- 
prising: a step of forming a thin film transistor further 
comprising: forming a semiconducting layer above 
a substrate by discharging a solution for said sem- 
iconducting layer from a nozzle in a head provided 
with a piezoelectric element; formings gate insula- 
tor above the semiconducting layer; forming a gate 
electrode above the gate insulator; and forming 
source and drain contacts on said semiconducting 
layer; and a step of assembling the electronic de- 
vice by using the thin film transistor. 
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